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ABSTRACT
The purpose of this paper was to quantitatively analyze
off-
press color proofing methods for advertising material appearing in
halftone publication gravure printing. This type of proofing has been
an area of debate for the publications industry, especially in ref
erence to the print quality of advertising material. The correlation
between dot gain characteristics and the resulting color differences
of off-press color proofing methods has been the center of greatest
controversy.
This paper has tested to determine if a correlation exists
between dot gain characteristics and the resulting
colorimetric-
matching ability for color proofing methods used in halftone
publication gravure. The variable dot-gain feature of an elec
trophotographic proofing system was tested to determine if this
feature improved the color matching ability of the off-press proof
to the SWOP offset press proof. This system was analyzed by
its'
ability to objectively match the SWOP offset press proof for dot
gain aimpoints. These aimpoints are used as the quality control tool
for advertising material appearing in both halftone gravure and web
offset publications printing.
The experiment concluded that the dot gain characteristic
curve of the electrophotographic off-press proof could be altered to
quantitatively match closer to the dot gain of an offset press proof
printed to SWOP/GAA Specifications. However, the data did not
completely support the
authors'
hypothesis. A direct correlation
between dot gain and the resulting delta E values could not be
established. None of the data collected from the electrophotographic
test sets completely proved that a change in dot gain produced a





1. Halftone Publication Gravure
Halftone Publication Gravure has revolutionized the gravure
printing industry. This method of production has become widely
accepted by the gravure industry. The advantages of this system over
the previously used continuous-tone method have created a more
economical means of production for the gravure publication printer.
This system employs the use of Electromechanical Cylinder
Engraving by using the HelioKlischograph. The Helio uses a vibrating
diamond stylus which penetrates the copper surface of the
production cylinder to form cells. 1 The size and depth of these cells
are regulated by the copy, which is normally a black and white
reflection print produced from the halftone separation film. This
black and white print is commonly referred to as a bromide. Bromide
material is defined as opaque based black and white photographic
printing material. The integrated halftone densities of the bromide
print are analyzed, on the fly, by the Helio scanning head and the
1
approproiate cell is engraved into the copper coating of the
production cylinder.
Halftone gravure has helped publication gravure print
production to minimize expensive and time-consuming pre-press
operations. Specific areas helped have been continuous-tone proofing
and cylinder corrections. Cost savings have been estimated to be
around 20-40 percent, and in some cases as high as 50 percent.2
The use of generic halftone film has contributed to these savings.
Generic film can be defined as four-color separation film common to
both web offset and halftone publication gravure. One set of film is
output by the scanner or film plotter for both web offset and gravure
printing. This master set produces plates for web offset and
bromides for the gravure cylinders.
One very significant issue is duplicate sets of films are used
to produce the off-press proof, the SWOP/GAA Standard offset press
proof, the bromide used to engrave the gravure cylinders and the
plates for the web offset production run. The gravure cylinders are
then used to produce a gravure press proof prior to the actual
gravure press run. This adoption of halftone films has been a major
accomplishment for the gravure printer.
The previous system produced a gravure press proof from
continuous-tone films. There were no off-press proofs made as we
understand their use today. The pre-press facility would use these
continuous-tone films to engrave a copper plate. The press proof
was made on a single color gravure proofing press. The client would
look at the final ink-on-paper press proof. Any author's corrections
would be made to the plates, not film, and a new proof would be
printed. After the client approved the final proof, the pre-press
facility would return to the original continuous-tone films to
identify the areas which had to be corrected to match the proof. The
GTA Color Standards for separation densities would be consulted to
determine the densities for printing. The GTA Color Standards
consisted of a screen tint book depicting possible tint combinations.
The book was full color and each scale ranged in density from .35 to
1.65 covering the different single color, two-color, three-color and
four color overlaps. This book was very similar to what a tradeshop
would have as a screen tint book for matching PMS colors. (The GTA
was the Gravure Technical Association. The name was changed to the
GAA (Gravure Association of America) in 1986.) Corrections would
be made to the original films to achieve the correct separation
densities resulting in image corrections which had previously been
made to the gravure press proofing plates. Final continuous-tone
films would be made and sent to the printer along with the client
approved press proofs made from the previous films and plates. The
gravure printer would then take the supplied films and etch the
cylinders. A new press proof would be made on a gravure cylinder
proofing press. The new proof would be compared to the supplied
client approved press proof made from the old films and plates. Any
corrections would be made to the gravure cynlinders through
chemical etching techniques. There was actually very little
correlation between the gravure proof made from the plates at the
pre-press facility and the gravure proof made from the cylinders at
the printer.
The use of generic halftone separation films were found to be
far better in controlling the production process then the old
continuous-tone films. Hence, the quality of the printed piece
improved by utilizing the more reliable and reproducible halftone
method. The final off-press proof, the SWOP/GAA offset press proof
and the gravure cylinder press proofs were now made from the same
set of films the gravure and web offset printer would use for the
actual press runs. The halftone method enables a more direct
relationship between the proofed image and films supplied to the
gravure printer.
The quality and reliability factor has been a major issue of
importance to advertisers running ads in both gravure and web
offset publications.
Advertisers'
demand excellent quality and a
system which will reproduce a good representation of their
clients'
product. Many of the
clients'
ads involve images which have critical
color tolerance requirements (eg: flesh tones, memory colors,
neutrals and food products). These advantages of halftone
publication gravure have lead the way to a more successful gravure
market, able to compete more effectively with the medium and
long-
run web offset publication market.
2. Color Proofing
As previously discussed, color proofing methods for
publication gravure have experienced tremendous changes and
improvements since the introduction of offset halftone film as input
material for gravure cylinder engraving. The off-press and the offset
press proof have now become standards for color control, quality
control and communications between printers (both web offset and
gravure) and clients.
Color proofing is a vital and critical step in the production
process. If used correctly, it can act as an accurate representation
of the final ink-on-paper reproduction, visually simulating color
rendition for the printing process. It can simulate imaging
characteristics such as dot gain, density, trap and gray balance.
Proofing is used for a multitude of reasons. The type of proofs
produced vary from those needed for customer approval of color
reproduction to those used by the trade shops as quality control
tools to check the (tone reproduction, color reproduction and image
assembly) quality of the production process. Many different sectors
of the graphic arts industry utilize color proofing. Examples are
advertising agencies, packaging printers, publication printers, trade
shops, publishing houses and corporate packaging clients.
a. Offset Press Proof
The offset press proof has many unique advantages: accurate
color-matching ability to ink-on-paper press run and the ability to
use ink-sets having similar colors (hues) as used in the final press
run. The offset press proof run to GAA/SWOP Standards is used as
the color guide by the publication gravure printer in matching
supplied advertising material.3 The adoption of SWOP
Specifi-
cations by the Gravure Printer has helped to standardize the printing
of advertising material appearing in publications printed by both
halftone gravure and web offset. The use of the offset press proof
has proven to be economically advantageous for the advertiser as
well. Many times the advertiser needs a quantity of offset proofs. To
produce a large number of proofs by off-press proofing methods
would not be cost-effective. "The cost of going back to press and
pulling 100 or so press proofs is less than the cost of four or five
off-press proofs. This is an important consideration for weekly
magazines that print at different locations and so require multiple
set of proofs and/or progressives."4 Progressive proofs are defined
as press sheets which depict the print sequence on press. The sheets
are compiled in the progressive order of how the particular job will
print, usually beginning with separate sheets one for cyan, magenta,
yellow and black. Additional sheets are printed showing the 2-color
overlap, three-color and a 4-color press sheet.
b. Off-Press Proofs
The use of halftone film has enabled the gravure printer to use
off-press proofing methods common to offset lithography as an in-
house quality check of supplied films and color proofs. Utilizing the
off-press proofing system has contributed to cost benefits for the
gravure publication printer. These proofing methods have helped to
minimize the need for costly cylinder corrections. The big issue is
by using the SWOP/GAA Specifications, the gravure printer can
report on how well the films do or do not match specifications. The
printer can issue a SWOP/GAA Standard inspection report to the
publisher. If the films do not meet specifications, the cost burden is
passed back to the pre-press facility and not the gravure printer.
This has contributed to significant cost savings for the printer.
The color tradeshops use the off-press proof primarily to
monitor quality of the color separation films. The gravure printer
uses these proofs as an internal quality control tool for color, image
assembly as well as to verify supplied film from outside vendors.
The off-press proof for gravure is made to specifications that
provide consistent and repeatable results. The most widely used
off-press proofs have been Cromalin MasterProof by Dupont (a
positive-working proofing method) and the 3M Matchprint (a
negative-working proofing method). Matchprint incorporates the
toner into the photopolymer substrate and Cromalin uses dry color
toners. The base receptors were developed to simulate the actual
production paper in brightness and gloss. The manufacturers have
attempted to simulate the brightness level of the ink-on-paper
proof. The layers of yellow, magenta, cyan and black are laminated in
sequential order with a post exposure to make the proof more
resistant to scratches. These proofs are said to produce an
acceptable reproduction to the gravure press characteristics. They
have similar press trapping properties to the gravure press and
calibration between the off-press proof and the Helio is easily
accomplished. Press-trapping is defined as the ability of one ink to
lay down properly on top of another. This refers to the overprint of
the four-color process colors: Yellow, Magenta, Cyan and Black. Off-
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press proofing manufacturers contend that a good match between the
off-press proof and the offset press proof used in halftone
publication gravure can be achieved when
manufacturers'
recommendations are followed. This indicates there should be little
variance between the two proofing methods in tone reproduction and
hue. This strong correlation creates the potential for using these
proofs effectively as quality control tools.
The relationship between the off-press and the offset press
proof for matching "critical
color"
and neutral grey areas has not
proven to be as strong as previously believed. Many problems still
exist creating communication problems, especially when dealing
with critical color requirements.
Research is continuing to test new methods of off-press
proofing. The electrophotographic and digital systems appear to be
more flexible to matching press conditions than the current
photopolymer methods. These new systems enable the operator to
adjust proofing parameters to match specific offset press
characteristics. These parameters include the control of dot gain,
density, and the ability to produce color proofs on the production-
run substrate.
The off-press proof can work effectively as an intermediate
step in the production process. The role of these proofs is to serve
as an accurate facsimile of the final reproduction. "To perform these
functions effectively, we must have a proof that can reproduce the
color and tonal values in the black-and-white separation film as
they will appear when printed with colored ink on the press sheet
during a high-speed production press run. "5 The need to produce
improved off-press proofing methods in a cost-effective manner has
acted as an incentive for research and development to explore new,
more reliable and flexible off-press proofing systems. "The new
color proofing methods must assure equal or improved reconciliation
of color guidance when compared to the offset press proof made to
SWOP specifications for hue, density, trap and dot gain. "6
B. Statement of the Problem
Despite all of the advantages of off-press and offset proofing,
these methods are not without problems. There are some inherent
differences between the current methods of off-press and offset
press proofing. "Off-press proofs have a less carefully defined
relationship to industry proofing specifictions. Although the SWOP




improved the consistency and repeatability of certain off-press
proofing products, it is also true that unlike press proofs, off-press














Off-Press to Press Proof matrix
The Gravure Industry has been trying to minimize the problems
associated with correlating the off-press and offset press proofing
methods used in halftone gravure. A GAA Task Force Committee was
established in 1986 to attempt to standardize proofing methods
used in halftone gravure.
One significant problem which has received considerable
attention has been the difference in critical hue and gray balance
between the photomechanical off-press proof and the offset press
proof. This problem has directly affected advertising material which
appears in both web offset and halftone gravure publications. An
important factor contributing to this difference is the non-linear
relationship between the dot gain characteristic curve of the
photopolymer off-press proof to that of the offset press proof. Dot
gain is defined as the enlargement of the halftone dot from the
original separation film to the printed sheet. There are two main
types of dot gain: physical and optical. Physical dot gain is defined
1 1
as the mechanical enlargement of dot size which can occur during
contacting negatives and positive films, platemaking or the press
run.8 Optical dot gain is defined as the perceived enlargement of the
halftone dot due to internal multiple reflections and the light
refractiveness within the paper.9 The 1988 SWOP specifications
define total dot gain for the off-press proof at approximately 22
percent,
+/- 3 percent, and the offset press proof at about 17
percent,
+/- 4 percent. These figures are for the midtone dot area
(50%) for films produced at a 133 line screen. The common area
between the off-press proof and the offset press proof for dot gain
is 20 to 21 percent. 10 The spread in dot gain for the off-press proof
of 21 to 25 percent and a spread of 13 to 21 percent for the offset
press proof. Total dot gain takes into account both optical and
physical gain.
The issue of dot gain has not been directly inherent to the
gravure printing process. Although, since the introduction of
halftone gravure, it has become an important issue to consider when
evaluating factors of quality control. Dot gain has long been
recognized as being an important element to control in order to
achieve high-quality color reproduction. The control of dot gain is
vital to assure high-quality reproductions of the client's product,
especially in advertising print material. "It is generally recognized
that the off-press proof made from original halftone positive
separations has a higher rate of total dot gain in the highlight to
midtone range than does the press proof."1 1 Dot gain peaks at
around the 38 percent dot area on the off-press proof, while the
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offset press proof generally peaks at about 50 percent.12 One major
contributing factor to this high rate of total dot gain is internal
multiple reflections. Light becomes trapped under the halftone dot,
thereby visually increasing it's size. Part of this is due to the
multiple layers of acetate material used in producing the pho
tomechanical off-press proofs. When a photomechanical off-press
proof is made it consists of four laminated layers of acetate
material. This layering system greatly contributes to optical dot
gain, thereby increasing the overall visual dot gain on the pho
tomechanical off-press proof. This difference can create noticeable
visual variations in critical color reproduction, especially when
evaluating critical advertising material. These differences have
caused considerable communication problems in the industry.
Critical advertising material is defined as art material containing
important quarter-tones such as flesh tones, cosmetics, memory
colors and food products in which color matching to the actual
product is essential. The printed material must fall within the
tolerance limits determined by established industry standards. The
most affected image areas normally are within 15-50 percent dots.
The differences in the dot gain characteristic curves between the
off-press and the offset press proof produce unsatisfactory visual
differences for the publisher, advertising agency and client.
Another factor contributing to this visual difference is the ink
trapping difference between the two proofing methods. The
off-
press proof traps 100 percent (as does the gravure press), while the
offset press proof only traps about 70 percent. Therefore the
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maximum density achieved on the off-press proof is comparable to
the gravure press, not the offset press proof. The increased density
on the off-press proof produces increased color saturation. The
offset press proof only achieving around 70 percent trapping has a
lower density, and the result is decreased color saturation on the
press proof. These differences in density will cause increased hue
error. "In process color printing, trap efficiency affects tone
reproduction, color, hue, and the density or darkness of the shadow
areas. The higher the trap efficiency the higher the maximum density
of the production run. This means increased tonal range and color
saturation in the image areas."14 Gravure printing has the ability to
trap 100 percent, thereby producing greater tonal ranges then the
offset press. The intermediate proofing approval material (offset
press proof) necessitates the gravure press to lower its print
densities to match that of the limits on the offset press production.
The gravure printer has believed that offset press proofing
methods have restricted the potential of the quality reproduction
achievable by halftone gravure. The publication printing industry has
been trying to remedy these differences for some time. The problem
which has confronted industry has been how to produce an off-press
proof that will match the dot gain and density values of the
different printing processes and presses, producing a more
acceptable color match to the offset press proof.
The electrophotographic and digital systems have been
attempting to solve these inherent differences. Testing has reveled
that manipulating dot gain and density input values can minimize
14
perceived color-differences in the critical color areas. Working with
these proofing systems, which offer flexibility, automation and
greater consistency, the industry can move forward toward closing
the gap between the two proofing methods. As the technology in
color and imaging science advances use of these systems could
replace conventional off-press proof methods.
15
C. Hypothesis
By increasing or decreasing exposure on the electro
photographic off-press proof, visual dot gain can be regulated,
causing a quantitative reduction in color difference in critical color
areas between the off-press proof and the SWOP offset press proof
used for quality control analysis in halftone publication gravure.
This hypothesis will be tested by the use of objective tests.
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7. Mr. Richard Warner, Associate Research Director, GATF,
Pittsburgh, PA
8. Mr. William Weisman, MasterEagle, NY, NY
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Chapter II
Theoretical Basis for Study
A. The Offset Press Proof
The offset press proof is an ink-on-paper proof, used primarily
to predict hue, dot gain, trapping and grey balance of the actual
production run. The GAA/SWOP Standards state the color guide for
advertising production material shall be the offset press proof made
to GAA/SWOP Specifications. This proof has been used as a quality-
control tool for the tradeshop, client and printer in analyzing
print-
advertising material appearing in halftone gravure and web offset
publications.
Ultimately, the offset press proof serves a dual purpose. "First
it serves as a record of agreement and accountability used in the
approval process. And second, it then becomes a benchmark,
providing production aim points used in the process. "1
Additionally, advertisers and their clients usually require
multiple proofs. The method which has been the most cost-effective
is the offset press proofs. Offset press proofs are useful for
providing multiple proofs and to depict errors in color, tone
reproduction and image assembly prior to the actual press run.
19
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B. The Off-Press Proof
The primary aim of the photopolymer off-press proofs has been
to produce an accurate facsimile of the ink-on-paper proof at the
pre-press stage, prior to plating or cylinder production. These proofs
can be beneficial in determining what the visual effect of dot gain,
hue, density and trapping from a specific set of color separations,
within certain set standards.
The off-press proof has been used widely as preliminary
proofing step checking for correct tone and color reproduction, gray
balance and image assembly. It has been proven to be a beneficial
tool in the printing production process. The off-press proof when
used in the print process as a quality-control tool has helped to
reduce costly cylinder corrections and press re-runs.
C. The Electrophotographic Off-Press Proof
The electrophotographic system is based on the principles of






a method of applying inks to the photoconductive film.
"Electrophotography is well-suited for color proofing because
it offers a light-sensitive medium with wide exposure latitude: the
controlled application of a wide variety of proofing colors with
21
essentially total transfer to almost any kind of coated receptor
paper: and a high degree of control over each process step. These
features influence the type of proof produced and assume that
accurate production of halftone screen dots with controlled dot
grain for lithography and halftone gravure. "2
The following figures represent the operations of the
Signature Proofing System by Kodak. This was the system used in
the methodology in this experiment.













Kodak Signature Proofing System - Electric Charge
A uniform surface charge is applied to the photoconductive
film. The pc film then becomes sensitive to light. Figure 2
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Figure 3
Kodak Signature Proofing System
- Exposure System
Figure 3 illustrates how exposure traps the latent image. The
separation film is placed in contact with the photoconductive film
Exposure is made through the separation film material (either
positive or negative). The exposure causes the charge to migrate
away from the film surface. The exposed areas of the pc film will
become non-image on the final proof. Either negative or positive
















Kodak Signature Proofing System
- Toning Stage
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Figure 4 illustrates how the charged toning ink is attracted to
the opposite electrical charge in the image area of the photo
conductive film. The toning ink is charged (positive), when the PC
film material (negative charged) comes in contact with the charged
ink. The ink is attracted to the charged areas of the PC film, which
are the image area. The liquid toning ink adheres to the image area
and recede from the non-image area. Each separation film is
individually placed in contact with the pc film. The process runs
through 4 separate passes, one for Cyan, Magenta, Yellow and Black.
4. Transfer of the Image on Kodak Signature Proofing System:
The transfer of the latent image is caused by the ink particles
migrating to the opposite charged area of the PC film. The ink
adheres to the image area producing an image on the pc film. The end
result is a completely exposed and toned pc film containing the
SWOP 4/C process inks, depicting the image of the original
separation films.
5. Lamination to the Substrate on Kodak Signature Proofing
System:
Up to this point all the processing has occurred on the
photoconductive film. Now the inked-image areas must be
transferred to the appropriate proofing substrate. The PC film
material is removed from the exposure/inking unit. This film is
placed in contact with a proofing substrate. Through the process of
heat and pressure (a lamination unit) the inked image areas are
transferred to the substrate. The PC film material is then peeled
away from the proofing substrate. The final result is a off-press
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proof on paper. The system claims the ability to achieve a 100%
transfer of the toning ink. This eliminates any possibility for
background ghosting or tinting which would greatly reduce the ink
density on the proofed stock. This 100% transfer is made possible by
the systems ability to transfer a very thin layer of polypropylene
during the ink transfer stage.
6. Inks/Toners of the Kodak Signature Proofing System:
The inks used in this system contain a similar spectral
distribution curve as the pigments used in SWOP/GAA proofing inks.
The graphs in Appendix B show the spectral reflectance match of
these off-press proofing inks to the SWOP/Group VI Inks.
The particle size in the inks used in the Signature Off-Press
Proofing System is less than 1 micron in diameter. The particle size
in previous electrostatic processes were, by contrast, up to 20
microns in diameter. This large size was a very limiting factor in
achieving fine image resolution. Only very coarse images could be
obtained, not nearly detailed enough to be used as a proofing method
for the graphic arts industry.
The inks are dispersed in a liquid toner base which helps to
reduce the large particle size. The particles are dispersed in a non-
conductive and non-aqueous liquid. The one used in this system is
"Aliphatic
Hydrocarbon"
type. This new achievement of dispersing of
the toner particles now allows the electrophotographic proofing
system to obtain high resolution, quality 4/C process off-press
proofs.
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D. Theory of Color and Dot Gain:
1. Color:
Color is a form of light and energy that travels in electro
magnetic waves. The electro-magnetic spectrum includes all forms
of radiant energy. Radiant energy is defined as energy from the very
short cosmic gamma and x-rays to the longer ultraviolet, visible
light, infrared and radio waves. Wavelengths are measured in
nanometers, which are equivalent to a billionth of a meter.
White light, such as daylight, contains all the existing colors.
When white light is broken into different colors, we see a spectrum.
In the seventeenth century, Sir Issac Newton established the theory
that a beam of
"colorless"
light passing through a prism would
refract or bend into separate bands of color. The bands of colors
produced from this refraction are referred to as the visible
spectrum of light. The visible spectrum's range is believed to be
between 380 to 760 nanometers, which is only a very small part of
















The visible spectrum is commonly broken into three bands of
color for purposes of studying color reproduction theory. These
colored bands consist of red, green and blue. The color we see
depends on the amount of these colors that are reflected or
transmitted to our eyes. Densitometry and colorimetry incorporate
these bands for quantatitive analysis of density color.
How do humans see color?
Color is a combination of both physical sensation of light and
the psychological interpretation of it. The human eye contains rods
and cones: the cones are sensitive to color and light. The rods are
only sensitive to a broad range of light intensities, not color. There
are three types of cones in the eye, one sensitive to red, one to blue
and one to green. After the cones react to light, the brain interprets
the information and recreates the scene for the observer. The brain
sees physical light (physical stimulus) and interprets the scene
(psychological stimulus) based on the past experiences of the
observer and the physical condition of the viewer's cones.
Figure 6
Relationship between Light, Object and Observor
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Figure 6 shows the relationship between the object, light
source and the observer. It can be concluded that color is a
perceptual sensation interpretated by the observers brain from the
interaction of object, light source and observer. When red and green
receptors are stimulated humans see yellow, green and blue produce
cyan and red and blue produce magenta.
Since color is based on human perceptual response it is
subject to individual interpretation. Some of the factors that
influence the interpretation of color are past experiences, exposure
to environmental differences, knowledge and usage of memory color
and physical condition of the viewer.
Human response to color is therefore subject to many defi
ciencies and humans by nature have poor color memory. Their ability
to judge critical color differences is not adequate. Physical condi
tions that contribute to these deficiencies are the construction of
the eye and correct functioning of the rods and cones. Color aptitude,
eye resolution, color blindness and the ability to perceive slight
differences in hues are factors which limit the use of visual
analysis for accurate color-matching. Therefore the measuring and
study of color in printing relies heavily on the use of objective
color-measuring instruments, such as the spectrophotometer and
colorimeter.
Color is described and measured by three components: Hue,
Value and Chroma.
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Hue: The characteristic of color which is verbally described by the
observer. Terminology used would be blues, oranges, yellows etc.
This explains how the user perceives the observed color.
Value: The characteristic of color which describes a color in terms
of lightness and darkness or brightness and intensity. This is
relative to how light or dark a color is in relation to a pure black or
absolute white.
Chroma: The characteristic which describes the extent to which a
color differs from a grey of the same value. This is also commonly
referred to as Saturation or Color Strength.
2. Dot Gain:
Total Dot Gain is defined as both the physical and optical
enlargement of a halftone dot from the original separation to printed
sheet. It is a characteristic that is inherent in the halftone printing
process. It cannot be eliminated, only controlled. Means to control
dot gain are through quality and process control of the reproduction
process. Dot gain is analyzed at each phase: separation films, plate
making and the press run. Proofing materials are used to analyze and
evaluate the visual effect of dot gain. The densitometer is widely
used to check for gain in halftone dots on film or paper. Excessive
dot gain causes tone and color reproduction problems. The off-press
proofs used in the graphic arts must have the ability to accurately
depict dot gain or sharpening that will occur during the press run
from a particular set of separations. The system must have the
ability to modify interpretation of dot gain for different presses,
positive or negative film materials and different printing processes.
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E. Objective Methods for Analyzing Dot Gain and Color:
1. Dot Gain Measurement Methods:
a. Densitometry:
The densitometer is a very popular instrument used in the
printing industry today. There are two types; the reflection which
measures reflective materials, and the transmission which
measures film material. The reflection densitometer is very useful
as a press-side tool for measuring dot gain, density and ink trap. The
transmission is very useful as a pre-press tool for measuring dot
area and tone reproduction of the separation film material.
Dot gain can be analyzed by physical or optical measures.
Visual dot gain includes both the properties of physical and optical
dot gain. "Visual dot gain includes physical dot gain, slur, and optical
dot gain. Physical dot gain is a symmetrical enlargement of the dot
and is usually associated with press gain. Dot slur contributes to dot
gain by altering the shape of the dot. Optical dot gain occurs when
multiple internal reflections trap some of the light under the dot.
This creates a visual sensation of a larger dot size."3
The reflection densitometer although effective when
measuring the densities of process color, using the same ink set, on
the same substrate, is inadequate for comparing different ink-sets
in terms of hue. The reason for this is that the densitometer does
not read two colors as the human eye sees them. The densitometer
can read two colors as having the same density, yet when viewed
under standard lighting conditions they can appear to be visually
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different due to the different spectral distribution curves. The
densitometer reads the density of the inks not the spectral
distribution curves of the colors being analyzed. This limitation of
the densitometer can lead to greater visual differences of the colors
being viewed. There has been a growing awareness on the inade
quacies of measuring color solely by densitometry. In a recent TAGA
(Technical Association of the Graphic Arts) presentation Richard
Mauer stated the following: "recently there has developed within the
graphic arts industry a great interest in making color measurements
with colorimeters and spectrophotometers. This is precipitated by
an awareness that densitometry, although important, is not suffi
cient.'^ Along with not seeing color as the human eye does,
densitometers are also not as stable as the spectrophotometers.
Densitometers can exhibit inter-densitometric drift during reading,
variability of filters and fluctuation of light sources. In a recent
study by the author it was found that density agreement was poor
between different instruments.
2. Color Science Measurement Methods:
a. Spectrophotometry:
"The fundamental way to measure color belonging to an area is
the breakdown of its component spectral parts: the radiant flux
entering the eye from that area, and/or to measure each of these
parts of the flux separately. "5
The spectrophotometer measures spectral reflectance and
transmittance of the object. It measures the spectral ratio of
energy flux at each wavelength (380-760nm) of the visual spectrum.
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This instrument determines the three tri-stimulus values (X,Y,Z) for
the color and plots the resulting spectrophotometric curve. These
X,Y,Z values can be used to gather CIE
L*a*b*
and Delta E (deviation)
information or a multitude of useful color space information. Robert
Mason in a recent TAGA article stated the following in regards to
objective color measurement: "From the three tristimulus values,
any of several color order scales can be computed which relate
directly to the position of colors in a color palette that is a suitable
representation of a three-dimensional solid in which each of all of
the possible colors have a specific location. "6
Spectrophotometry has been determined to be the most
important basic tool for evaluating the color of industrial products
as well as for the fundamental research of colorimetry.7




The light source, usually a tungsten-filament, passes through a
slit aperture usually, 5-10 nanometers wide. The light is then split
into a spectrum by a prism. This spectral light then illuminates the
sample. The reflectance of the sample is measured against the
wavelength of the light. Figure 7 diagrams a double beam
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Figure 7
Double Beam Spectrophotometer
The Hardy Spectrophotometer (in the RIT Munsell Color Lab) is
a double beam spectrophotometer. It uses a tungsten projection lamp
and two prisms (double monochromatic). It uses a standard to
measure the sample. The standard is usually a pure white substance,
usually titanium oxide placed in the reference port. The sample is
analyzed against this reference. The ratio is than calculated at each
wavelength. This instrument is very efficient and accurate in
measuring the spectral response of an object.
b. Colorimetry:
Colorimetry is defined as the scientific study of color. The
colorimeter is an instrument used for measuring the three
components of color: hue, chroma and value. Color stimuli is
measured through a series of three tri-stimulus spectral filters
which correspond to certain qualities of the three primary colors:
Red, Green and Blue. The instrument assigns a numerical value to
Hue, Chroma and Value enabling a more controlled and accurate
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objective analysis. One common system of measurement is the CIE
L*a*b*
(Commission Internationale DeL'Eclairage L-star, a-star, b-
star).
The letters L, a and b refer to the numerical value of the color
in a three dimensional space. Converting to numerical values allows





= Hue (red-green axis of color space)
b*
= Value (yellow-blue axis of color space)
The A E formula is a method of calculating color difference
giving equal weight to each of the three attributes of the colors
being compared. In a report published by UGRA the following
conditions were established as acceptable aimpoints when
evaluating A E values.8
0.2 - 1.0 = differences not noticeable
1.0 - 3.0 = very little noticeable difference
3.0 - 6.0 = moderate difference noticeable
6.0 + = large difference noticeable
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Chapter III
Literature Search
Over the past few years there have been numerous articles
written regarding proofing standards for the printing industry. Since
the introduction of halftone gravure, this industry has been con
fronted with the problem of correlating the new methods of
off-
press proofing to the offset press proof. The Gravure Association of
America has been investigating this problem extensively with the
assistance of industry representatives and various research
organizations.
Mr. Jim Tubay stated at a recent GAA Task Force Meeting :
"According to engravers, the off-press proof used by the gravure
printer deviates from the standard too much. The printers say the
offset press proof varies too much from the standard. "1
Unfortunately, currently there are no established standards for
off-
press proofing for half-tone publication gravure. At the GAA Task
Force meeting in NYC in the Spring of 1987 objectives to confront
the problem of standardization were established. One of these
objectives was to try to equal or improve agreements of
color-
matching standards between the off-press proof and the offset
press proof made to Group VI/SWOP Standards.
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Publication gravure has changed radically over the past few
years. It has moved from producing gravure press proofs to producing
offset and off-press proofs from halftone film for color approval.
Mr. Charles Rinehart states the following in an article which
appeared in the fall GTA Bulletin: "using an offset proof for both
methods can be problematic because of the printing characteristic
differences between gravure and offset. The fact that two types of
proofs (off-press and offset) are being used by both web offset and
gravure publication industries adds to the complexity of this
dilemma. "2
An article in Printing News, January 18, 1986 continues to
deal with this problem of color-matching. This article is a synopsis
of a presentation given to the NYC Ad Production Club. "But as useful
as off-press proofs can be, Mr. Weisman indicated, they cannot du
plicate the most useful characteristic of the press proof. The press
proof is a better simulation of what the client ultimately will see
because it depicts trap, dot gain, ink takeoff and other variables
that determine what is achievable under actual printing conditions
using available color space. "3
Many other articles have been found in various trade pub
lications such as the GTA Bulletin (since 1987 the GAA Bulletin),
TAGA Proceedings, American Printer, GATF Reports, NAPL Reports
and Printing News.
Yair Toor and Harvey George of GRI state the following in the
spring GTA Bulletin: "In halftone gravure the same halftone sepa
rations that are used for the Helio engraving are also used for the
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proofs.3 Moreover, the printer assumed that since they have
halftones they could make proofs using the sheet-fed offset process.
This would be valuable where numerous proofs are required. This
raised more problems: 1) the use of the inks for the offset proofing
process must be the same as gravure, 2) the hues of the toners must
be the same, 3) the ink laydown on the paper must be the same on
all three processes. This means dot gain for offset must be equal to
that of the off-press proof and the gradation curve must be
calculated to simulate the dot gain effect.4
Other articles were searched in the areas of colorimetry and
densitometry. Specific references and formulas were found in
articles written by the RIT Research Corporation, The Quality
Control Scanner, GATF, TAGA Proceedings and specific books listed
in the bibliography section of this thesis.
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The methodology in this experiment consisted of an analytical
evaluation of the problems and issues stated in the thesis.
Densitometry, Spectrophotometry and Colorimetry were the
objective tools used to evaluate the data. This chapter outlines the
steps taken in this experiment to support the author's hypothesis:
By increasing or decreasing exposure on the electropho
tographic off-press proof, visual dot gain can be regulated, causing a
reduction in color difference in critical color areas between the off-
press and the SWOP offset press proof used for quality control in
halftone publication gravure.
A. Testing Materials:
1. System Brunner Dot Gain Target
2. 4/C images representational of critical advertising material
3. Electrophotographic Off-Press Proofs made on the Kodak
Signature Off-Press Proofing System




5. SWOP Standard Offset Press Proofs - Proofs supplied by CMH,
Chicago, IL
6. 4/C Test Film - using the Kodak Customized Color Test Target -
for solid ink analysis
7. 4/C Test Film with images: GTA Group VI Test Film, 133 Line
Screen, Negative (7886)
8. Kodak Lab Spectrophotometer - using a
0745
sphere
9. Champion Textweb #60 Proofing Stock,
L*
value = 88
10. Offset Press Plates - Plates prepared at CMH, Chicago, IL
11. 4/C Offset Press - Press run at CMH, Chicago, IL
12. Hunter Lab Colorimeter (in the RIT Munsell Lab)
13. Transmission Densitometer at RIT Color Lab - X-Rite 311
14. Electrophotographic Proofing System - Kodak Signature PM-105,
Kodak Labs, Rochester, NY.
15. Proofing Laminator #123, Kodak Labs, Rochester, NY.
16. MacBeth Reflection Densitometer - RD-918, Kodak Labs,
Rochester, NY.
B. Procedure:
1. Original Film Measurements:
a. Measured dot areas of original film. Measurements were
taken at 5 dot areas off the Kodak Customized Color Target.
Readings were taken at 10, 30, 50, 70, 90% dot areas. Dot
area readings were taken from 7 selected image areas.
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2. Offset-Press Proof Measurements:
a. Produced proof to SWOP Standards on Champion #60
Textweb.
b. The color sequence for printing was Y-M-C-K.
c. The brightness level of the paper was 88.
d. Measured the same 5 dot areas as on the film
e. Plotted dot gain characteristic curve.
f. Sample size was 1.
g. Readings were done three times to control variability and
intra-instrument drift.
h. Choose 7 color image areas for spectrophotometric and
colorimetric analysis. Criteria for image selection was:
1. Image segment to be classified as "Critical Color Area".
2. Image segment should contain predominantly 3 of 4 colors.
3. Image segment should be relatively uniform.
4. Avoid areas which have sharp boundaries between
regions that area highly contracting each other. 1 These
color image segments on the offset press proof represented
the ideal standard for the thesis measurements. Delta E
values on the off-press proof were determined by the proofs
ability to quantitatively match the color from the pre
determined image segments of the standard.
i. Tri-stimulus values (X,Y,Z) were read. CIE
L*a*b*
were
calculated from the tri-stimulus values. The spectro
photometer was used to measure X,Y,Z values. Each point
was read three times to minimize experimental error.
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Off-Press Proof Measurements:
a. Signature Electrophotographic Off-Press Proofs
i. Produced off-press proofs to SWOP/GAA Standard for
maximum dot gain in the 50% dot area. The SWOP standards
specified 17% dot gain at the 50% dot with 133 line screen. 2
ii. Color Sequence: Y-M-C-K
iii. Base Substrate: Champion Coated Textweb #60
iv. Sample size: 10
v. Varied input dot gain to limits of SWOP in both directions.
These limits according to the SWOP standards were +/-4%.
Additional testing was done at +/-6%.
vi. Four sets of 10 samples for testing were produced
Set A = 17% dot gain = SWOP Standards
Set B = 17 + 4 = 21% dot gain
Set C = 17 - 4 = 13% dot gain
Set D = 17 + 6 = 23% dot gain
vii. Read 5 dot areas as on film for dot gain
viii. Plotted dot gain characteristic curve of each set
ix. Read 7 image areas and solid ink areas
x. Plotted colorimetric data of each set
xi. Determined Delta E values for solids and image areas
xii. All readings were taken three times to minimize
experimental error.
The results were averaged and the average plotted against
the standard.
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b. Photopolymer Off-press Proofs:
i. Produced a positive and negative off-press from the
supplied films
ii. Read 5 dot areas as on film for dot gain
iii. Read 7 image areas and solid ink areas
iv. Plotted colorimetric data
v. Determined the Delta E values for solids and image areas
vi. All readings were taken three times to minimize
experimental error.
The results were averaged and the average plotted against
the standard.
C. Image Evaluation:
This experiment used the methods that apply to "image
reproduction colorimetry". This method of colorimetric analysis was
discussed by Milton Pearson in an article titled "Image Reproduction
Colorimetry". The method involves evaluating
colored-image-
reproduction systems by computing the difference between a
reproduced image element and the corresponding original element.
This process involved taking overall color-difference as well
as differences in hue, chroma and lightness from the original to the
reproduction.3 From a specific sample size an average of the color-
differences was determined. Shifts and correlations were analyzed.
A potential disadvantage to this method is that by averaging data,
the resulting delta differences can be significantly larger than
industry tolerances. "As color-difference values are computed from
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basic colorimetric measurements, it is important to know to what
extend the color difference is the consequence of the actual
difference in color between the original and the reproduction, and
what part of the difference has been introduced by the measurement
process. "4 This experiment tried to minimize this problem by taking
all readings three times to assure consistency, and employed the use
of a grid to assure accurate reading of the same color area for each
measurement.
D. Formulas:
Mr. John Souter, Color Physist, 3M Company proposed specific
colorimetric procedures for analyzing color and Group VI inks. These
procedures were used as the guideline for this experiments basic
colorimetric analysis.
1. Proposed Colorimetric Procedures:
a. Colors measured at an ink-film thickness between .9u and
1.1u.
b. The coefficients of light (XYZ) calculated in accordance
with the CIE recommended procedure using an agreed
illuminant.
. the illuminant should be D50
measurements should be at minimum of 10 nanometers
throughout the visual spectrum
10
observer
calibration of perfect reflecting diffuser should be
recommended as a reference standard (CIE 1971)
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c. Colors should be measured in the sequence Y-M-C-K.
d. Measured color values should be expressed in:
1. percent (%) reflectance 380-760nm
2. XYZ Tristimulus values
X = k S(J0R(a>U)
Y = k S(jOR(a>CO
Z = k S0OR(^)z(X)
while k = 100
S(A)ytf)
x{J[), y(X), z(/) are defined as spectral
tristimulus
values of constant radiance stimuli for different
wavelengths.
S(jj~) is the spectral distribution of the source.
R(^) is the object reflectance.5
3. Chromaticity Coordinates:
x = x




X + Y + Z







= 116(Y/Yn)i/3 - 16
a*
= 500( (X/Xn)i/3 - (Y/Yn) 1/3 )
b*
= 200( (Y/Yn) 1/3
- (Z/Zn)i/3 )
X/Xn Y/Yn Z/Zn > 0.01
E. Color Difference Equations:
1. Delta E = [(L*1-L*2)A2 + (a*1-a*2)*2 + (b*1-b*2)2] A1/2
2. Delta H = [(AE*ab)A2 - (AL*)A2 - (AC*ab)A2]A1/2
L*1, a*1 and b*1 are values from the standard sample.
L*2, a*2 and b*2 are values from the second sample.
All above formulas and standards from a paper published by John
Souter. 6
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Chapter V
Analysis of Data
1. Original Film Measurements:
The original film was measured and compared to the target dot
percentage on the solid ink targets from the Kodak Customized Color
Target. The cyan printer deviated the greatest with a 3.3% increase
at the 50% dot level. Magenta and Yellow were 51% at the 50% dot
level and black was 50%.
The original image areas of the film measurements were:
Image #1 - corn husk = 29c, 33m, 70y and 37k
Image #2 - garlic = 2c, 8m, 32y and 9k
Image #3 - tablecloth = 30c, 37m, 37y, 38k
Image #4 - mans forehead = 36c, 70m, 79y and 65k
Image #5 - neutral gray background = 44c, 50m, 48y and 52k
Image #6 - womens forehead = 32c, 62m, 65y and 58k
lmage# 7 - pale blue blouse - image selected for analysis
after original films shipped back to the GAA
Image # 8 - blue sky = 69c, 52m, 26y and 61k
Image # 9 - grass - same as image #7
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2. Dot Gain Characteristics:
Four target groups were determined for testing the elec
trophotographic proof. The target groups were determined by using
the limits of SWOP Standards for the offset press proof. This was
17%, +/- 4%. An additional test group was established at 6% above
average. Negative and positive cromalins were also measured and
included as part of the study.
The four study sets were divided as follows:
Set A = 17% SWOP Standards
Set B = 21% (17 + 4% = upper limit of SWOP)
Set C = 13% (17 - 4% = lower limit of SWOP)
Set D = 23% (17 + 6%)
Press Run Standard:
A press sheet from the press run was pulled at random and
used as the SWOP Standard offset press proof for this experiment.
All test groups were measured against the data read from the
standard. The dot gain for the press standard at the 50% level was
20% for cyan, 21% for magenta, 19% for yellow and 25% for black.
Table I
Standard Offset Press Proof Visual Dot Gain at the 50% Dot
Cyan Magenta Yellow Black
20 21 19 25
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Set A Results:
The aim point for Set A was 17% gain at the 50% dot. The cyan
separation reported an average gain of 18% at the 50% dot. The
magenta separation was 18% at the 50% dot, the yellow was 16% at
the 50% dot, and the black 17% at the 50% dot.
Table II
Visual Dot Gain at 50% on Set A
of the Electrophotographic Off-Press Proof
Aim % Cyan Magenta Yellow Black
17 18 18 17 18
Set B Results:
The aim point for Set B was 21%. The cyan separation reported
an average dot gain of 19% at the 50% dot. The magenta separation
was 19% at the 50% dot, the yellow was 17% at the 50% dot, and the
black was 19%.
Table III
Visual Dot Gain of the 50% Dot on Set B
of the Electrophotographic Off-Press Proof
Aim % Cyan Magenta Yellow Black
21 19 19 17 19
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Set C Results:
The aim point for Set C was 13% gain at the 50% dot. The cyan
dot had gain of 14% at the 50% dot. The magenta separation was 14%
at the 50% dot. The yellow was 12% at the 50% dot and the black was
14% at the 50% dot.
Table IV
Visual Dot Gain of the 50% Dot on the
Electrophotographic Off-Press Proof Set C
Aim % Cyan Magenta Yellow Black
13 14 14 13 15
Set D Results:
The aim point for Set D was 21% dot gain at the 50% dot. The
cyan separation was 21% dot gain at the 50% dot. The magenta
separation reported 22% dot gain at the 50% dot. The yellow sepa
ration was 20% at the 50% dot and black was 23% at the 50% dot.
Table V
Visual Dot Gain at 50% on Set D
of the Electrophotographic Off-Press Proof
Aim % Cyan Magenta Yellow Black
23 22 22 20 24
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Negative Cromalin:
Dot gain was reported as 23% at the 50% dot on the cyan
separation, the magenta separation was 24% at the 50% dot, yellow
was 23% at the 50% dot and the black was 27% at the 50% dot.
Table VI
Negative Cromalin Visual Dot Gain at the 50% Dot
Cyan Magenta Yellow Black
23 24 23 27
Positive Cromalin:
Dot gain was 22% at the 50% dot on the cyan separation, the
magenta separation was 24% at the 50% level, yellow was 24% at
the 50% dot and black reported dot gain of 23% at the 50% level.
Table VII
Positive Cromalin Visual Dot Gain at the 50% Dot
Cyan Magenta Yellow Black
22 24 24 23
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3. Colorimetry Data Results:
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Man's head, #4 57.53
Neutral Gray, #5 65.83
Woman's Face, #6 60.19
























































Man's Head, #4 59.05
Neutral Gray, #5 66.14
Woman's Face, #6 59.29
Blue Blouse, #7 78.10
Sky, #8 68.04











Negative Cromalin Color Data



























































Positive Cromalin Color Data

































































































Image Area L - Star a - Star b - Star AE
Corn, #1 80.54 -7.97 27.20 2.58
Garlic, #2 82.89 -3.33 17.14 1.28
Tablecloth, #3 72.49 .31 1.64 .53
Man's head, #4 57.91 16.09 16.62 1.54
Neutral Gray, #5 65.79 .31 1.14 .86
Woman's face, #6 59.29 16.85 9.34 2. .70
Blue blouse, #7 77.96 -8.24 -1.30 1.77
Sky, #8 65.42 7.56 -20.27 2.21
Grass, #9 19.93 -9.54 2.27 3.03
Cyan 55.18 -40.6 -36.61 6.84
Magenta 46.02 60.97 2.75 4.42
Yellow 82.90 -.93 81.27 2.17
Red 45.41 60.1 42.31 4.82
Green 48.94 -56.6 24.88 5.70
Blue 22.39 13.96 -35.90 9.14
White 87.29 -.25 6.03 1.15
3/Color Black 19.14 4.13 -3.8 8.71






















Electrophotographic Off-Press Proof Set B


























































































Electrophotographic Off-Press Proof Set C
Image Area L - Star a - Star b - Star AE
Corn, #1 80.25 -7.68 26.03 2.25
Garlic, #2 83.02 -3.24 16.0 0.70
Tablecloth, #3 74.96 0.44 1.31 2.38
Man's Head, #4 60.76 14.39 16.29 3.89
Neutral Gray, #5 69.10 .88 0.49 3.65
Woman's Face, #6 61.19 15.52 9.51 3.01
Blue Blouse, #7 79.34 -7.38 1.35 2.25
Sky, #8 68.45 -6.95 -17.33 4.32
Green Grass, #9 22.48 10.14 3.33 2.89
Cyan 54.51 -40.9 -37.4 7.83
Magenta 45.83 61.49 3.44 5.18
Yellow 83.08 -0.91 82.59 2.95
Red 45.24 60.66 44.60 6.84
Green 47.92 -57.78 26.58 6.38
Blue 20.70 15.31 -35.26 11.30
White 87.45 -0.29 5.90 0.96
3/Color Black 17.22 5.47 -2.94 10.92
4/Color Black 6.34 -0.20 -1.36 3.39
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Table XIV
El<sctrophotographic Off-Press Proof Set D
Image Area L - Star a- Star b - Star AE
Corn, #1 78.48 -8.41 29.07 2.63
Garlic, #2 82.04 -3.05 17.87 2.06
Tablecloth, #3 70.85 0.87 1.50 2.00
Man's Head, #4 55.44 18.30 16.60 3.38
Neutral Gray, #5 64.11 0.96 -0.02 2.72
Woman's Face, #6 56.04 19.34 9.54 5.13
Blue Blouse, #7 76.52 -8.55 2.00 2.86
Sky, #8 64.11 -7.81 -21.31 3.10
Green Grass, #9 17.44 -8.32 2.55 4.75
Cyan 56.04 -39.98 -36.10 5.87
Magenta 46.2 60.91 2.46 4.15
Yellow 83.2 -0.76 83.1 3.34
Red 45.65 59.85 43.47 5.42
Green 49.65 -55.63 27.52 3.60
Blue 23.85 13.84 -35.85 7.84
White 87.68 -0.25 5.76 0.71
3/Color Black 20.45 3.91 1.52 7.44
4/Color Black 6.96 0.28 -0.84 2.9
Table XV
A E Comparision
Image Area Set A Set B Set C Set D Neg Pos
Corn 2.58 2.13 2.25 2.63 4.96 3.78
Garlic 1.28 1.93 0.70 2.06 4.76 2.53
Tablecloth 0.53 0.69 2.38 2.00 2.32 6.05
Man's Head 1.54 1.55 3.89 3.38 3.25 6.26
Neutral Gray 0.86 1.73 3.65 2.72 4.58 6.61
Woman's Face 2.70 2.93 3.01 5.03 1.56 4.30
Blue Blouse 1.77 2.27 2.25 2.86 3.85 6.22
Sky 2.21 2.27 4.32 3.11 2.46 6.43
Green Grass 3.05 3.43 2.89 4.75 3.04 8.37
Cyan 6.84 6.86 7.83 5.87 8.82 7.93
Magenta 4.42 4.54 5.18 4.15 1.02 1.85
Yellow 2.17 2.23 2.95 3.33 5.88 6.49
Red 4.82 5.00 6.84 5.42 1.93 2.60
Green 5.70 5.91 6.38 3.60 7.77 5.11
Blue 9.14 8.86 11.30 7.84 10.98 11.53
White 1.15 0.96 0.96 0.71 4.56 6.52
3/C Black 8.71 8.51 10.92 7.44 17.24 11.97
4/C Black 3.00 3.03 3.39 2.97 9.48 8.86
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The data concluded that the dot gain characteristic curve of the
electrophotographic off-press proof could be altered to quantitatively match
closer to the dot gain of an offset press proof printed to SWOP/GAA
Specifications. The data also provided some support for the author's
hypothesis: by increasing or decreasing exposure on the electrophotographic
off-press proof, visual dot gain can be regulated, causing a reduction in color
difference in critical color areas between the off-press and the SWOP offset
press proof used for quality control in halftone publication gravure.
The dot gain results of Tests Sets A and B overall were very close to the
SWOP offset press proof. Test Set C had the greatest deviation from the SWOP
Offset Proof. Test Set D was only slightly greater than the SWOP Offset Proof.
All the test sets yielded little deviation of dot gain from their perspective target.
This was found true for the entire spread of dot gain from 13% to 26%. This
indicated the system had good control for regulating dot gain on ink-on-paper
proofs. The cromalins reported dot gain values higher than all test sets or the
SWOP offset press proof.
However, a direct correlation between dot gain and the resulting AE's
could not be established from the reported data. A complete affermation of the
authors'
hypothesis was not possible from the results. It is the author's opinion
that factors other than dot gain contributed to the low AE values on the
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electrophotographic proofs. These factors could have been similar ink spectral
reflectance curves on the electrophotographic system to the actual SWOP inks
and the ability to proof on same paper stock as the actual press proof. IThe
electrophotographic off-press proofs also contained similar ink trapping
characteristics as the press proof, unlike the photopolymer systems which
contained higher trapping levels. Additionally, the electrophotographic proofing
system did not have problems with internal multiple reflections as inherent in
the photopolymer systems.
All the electrophotographic test groups yielded acceptable AE values on
the image areas analyzed. In most all cases the A E values of Test Sets A and
B were lower than Test Sets C or D. This indicated dot gain as factor in
resulting A E values, but it did not explain why Test Set C, which reported a
much greater deviation in dot gain than the cromalins, had smaller A E values
than the cromalins.
In almost all the electrophotographic test sets critical image areas
yielded AE values within the Ugra tolerances of less than 3 units. The average
AE values ranged from .53 to 5.03 for all image areas. The cromalin proofs
reported AE values well beyond Ugra tolerances. Those image areas
considered to be critical image areas were Image #1 , Image #2, Image #3,
Image #5 and Image #7. Images #4, #6, #8 and Image #9 contained dot areas
in two or more separations which were greater that the criteria for critical image
areas. The AE values of the critical image areas ranged from .53 to 3.65 on the
electrophotographic off-press proofs. All but one of the AE values for the critical
image areas on the electrophotographic off-press proofs were within the
tolerances stated by Ugra (less than 3). This concluded there is very good
quantitative color match between the electrophotographic off-press proof and
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the SWOP Offset Press Proof. The cromalins seemed to consistently yield
higher A E values that the electrophotographic off-press proofs. The cromalin
values for all images range from 2.53 to 6.61
, higher than the limit proposed by
Ugra of 3 units.
The solid ink areas measured on the electrophotographic off-press
proofs yielded A E Values ranging from 2.1 7 to 1 1 .30. The two-color overlap of
cyan and magenta ( blue ) was the highest, reporting A E values from 8.86 to
1 1
.30, and yellow was the lowest with results from 2.1 7 to 3.33. The positive
and negative cromalins yielded very high delta values for cyan and yellow.
Magenta was very low on the cromalins, with 1 .02 and 1 .85 A E values.
In summary, the test data did allow for some support of the author's
hypothesis. The test proved that by employing a system which allowed for
adjustment of dot gain and density, dot gain could be regulated to better
quantitatively match to the GAA/SWOP Offset press proof. However, complete
affermation of the hypothesis could not be stated because no direct link could
be established between dot gain and the resulting A E values on the
electrophotographic test sets. None of the test sets completely proved that the
change in dot gain actually produced a better colorimetric match than another
test set. Test Set B was closest overall, but in a couple of cases the A E values
reported in Set B were actually higher than other sets.
The author believed that under a more controlled test condition the
hypothesis could be quantitatively proved. This experiment might have
confined specific design flaws, that once controlled would yield more
predictable results.
One specific design parameters the author would change would be to
produce computer generated tint patches. These tint patches would consist of a
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13 step wedge for each color (c,m,y,k). Additional tint patches simulating critical
colors would be created for measuring purposes. The
L*a*b*
data would be
obtained from measuring the controlled tint patches versus the image area
readings. Images containing critical color could be scanned and stripped into
the same press form. These images would be used for a visual analysis to
support the data findings.
This changes would minimize experimental variables allowing for a more
scientific and controlled study of the hypothesis.
Chapter VII
Recommendations for Further Study
This area of study has tremendous potential for additional study subjects.
A modification of this study could yield more predictable results.
1 . Prepare a test form with images for visual analysis and screen tint
patches for quantitative analysis. Quantitatively analyze the relationship
between dot gain and
L*a*b*
under these experimental conditions. Emphasize
a visual analysis between proofing systems.
2. Is there a relationship between additively and proportionality failure on
SID and the CIE Lab data?
3. How does the density variations during a press run contribute to
quantitative color differences? This could be evaluated for single color and 2-
color overlaps. Gray balance could be analyzed as well.
4. Do different halftone dot shapes yield different quantitative color
information for critical color material? This could be tested using a elliptical and
round dot. Are these differences visually noticeable by the average observer?
5. How does screen ruling effect quantitative color differences. Measure the
differences between images printed at 133 line screen versus images printed at
150 or 120. Do any substantial differences exist. This experiment would also
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APPENDIX A
TOTAL DOT GAIN CHARACTERISTIC CURVE
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SPECTROPHOTOMETRIC CURVES OF SWOP INKS
COMPARED TO ELECTROPHOTOGRAPHIC INKS
79












Percent Dot Area for the Cyan Printer

















Percent Dot Area for the Magenta Printer
Percent Dot Area Reading 1 Reading 2 Reading 3
Percent Dot Area for the Yellow Printer
Percent Dot Area Reading 1 Reading 2 Reading 3
Average
10 9 9 9 9
30 29 28 28 28.3
50 51 51 51 51
70 73 73 73 73
90 94 94 94 94
Average
1 0 10 10 10 10
30 31 31 31 31
50 51 51 51 51
70 70 70 70 70
90 90 90 90 90
Percent Dot Area for the Black Printer
Percent Dot Area Reading 1 Reading 2 Reading 3 Average
10 1 1 1 1 1 1 1 1
30 32 32 32 32
50 50 50 50 50
70 72 71 71 71.3
90 91 90 90 90.3
82















































0 - ' . "
" ' 1 '
0 10 20 30 40 50 60 70 80 90 100
















Original Film Measurements - Black
'
I I
1 1 1 '
0'
0 10 20 30 40 50 60 70 80 90 100






























Positive Cromalin Off-Press Proof
Visual Dot Gain
Color Area 1 0% 30% 50% 7 0% 90
Cyan 12 22 22 16 6
Magenta 1 6 26 24 17 6




Standard Offset Press Proof
Visual Dot Gain




























Visual Dot Gain - Set A
Target: 50% Dot Area = 17% Visual Dot Gain
Cyan Printer - Set A
Proof No 1 0% 30% 50% 70%
90'
1 1 0 1 6 1 8 1 4 6
2 1 0 1 6 1 8 1 4 6
3 1 0 1 7 1 8 1 4 6
4 1 0 1 7 1 8 1 4 6
5 1 1 1 7 1 8 1 4 6
6 1 0 1 7 1 8 1 4 6
7 1 0 1 7 1 8 1 4 6
8 1 0 1 7 1 8 1 5 6
9 1 0 1 7 1 8 14 6
1 0 1 3 21 21 1 7 7
Average 1 0.4 1 7.2 18.3 14.4 6.1
Magenta Printer - Set A









































Average 8.4 1 5.8 1 8 13.5 5.4
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Yellow Printer - Set A
Proof No. 1 0% 30% 50% 70% 90*
1 9 1 6 1 6 1 2 6
2 1 0 1 6 1 6 1 1 5
3 1 0 14 1 5 1 1 6
4 1 0 1 6 1 6 1 2 5
5 1 0 1 7 1 7 1 2 6
6 10 1 8 1 7 1 2 5
7 10 1 7 1 7 1 2 6
8 10 1 7 1 7 1 2 6
9 9 1 6 1 6 1 2 6
1 0 1 2 20 20 15 7
Average 1 0 1 6.7 1 6.7 1 2.1 5.8
Black Printer - Set A
Proof No. 1 0% 30% 50% 70%
90'
1 7 1 4 1 7 1 3 6
2 8 1 4 1 7 1 3 6
3 8 1 4 1 7 1 3 6
4 8 1 4 1 7 1 3 6
5 8 1 4 1 7 1 3 5
6 8 1 4 1 6 1 3 6
7 8 1 4 1 7 1 3 6
8 8 1 5 17 1 3 6
9 9 1 6 1 6 1 2 6
1 0 1 2 21 24 1 8 8
Average 8.4 1 5. 1 7.5 13.4 6.1
Table 21
Electrophotographic Off-Press Proof
Visual Dot Gain - Set B
50 % Dot Area = 21% Visual Dot Gain
Cyan Printer - Set B
89















































Magenta Printer - Set B
Proof No 1 0% 30% 50
1 9 1 7 1 9
2 9 1 7 1 9
3 9 1 7 19
4 9 1 7 1 9
5 9 1 7 1 9
6 9 1 7 1 9
7 9 1 7 1 9
8 9 1 7 1 9
9 9 17 20












Average 9.1 1 7 19.2 14.1
Yellow Printer - Set B
90
Proof No. 1 0% 30
1 1 0 1 7
2 1 0 1 7
3 1 1 1 7
4 1 1 1 8
5 1 1 1 7
6 1 1 1 7
7 1 2 1 7
8 1 0 1 7
9 1 1 1 8
1 0 1 1 1 7

























Black Printer - Set B
Proof No 1 0% 30% 50% 70% 90
1 9 16 1 9 1 4 7
2 9 1 6 1 9 14 6
3 9 1 6 1 9 1 5 7
4 9 1 6 1 9 1 5 6
5 9 1 6 1 9 1 5 7
6 9 15 1 9 1 4 6
7 9 1 6 20 1 4 7
8 1 1 1 7 1 9 1 4 7
9 1 0 1 7 20 1 5 7
1 0 9 1 6 20 15 7




Visual Dot Gain - Set C
Target: 50% Dot Area = 13% Visual Dot Gain
Cyan Printer - Set C
Proof No 1 0% 3 0% 50% 70%
90"
1 8 1 3 14 1 2 5
2 8 1 2 1 4 1 2 5
3 8 13 1 4 1 2 5
4 8 1 3 14 1 1 5
5 9 1 2 1 4 1 2 5
6 7 1 2 13 1 1 5
7 8 1 3 1 4 1 2 5
8 8 1 3 14 1 2 5
9 7 1 2 1 3 1 1 5
1 0 8 1 3 1 3 1 1 5
Average 7.9 1 2.6 13.7 1 1 .6
Magenta Printer - Set C



















































Average 5.9 1 2.2
14.2 10.9 4.4
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Yellow Printer - Set C











Average 6.3 12.7 12.5 8.8 4.1
Black Printer - Set C
8 1 4 1 3 9 5
6 1 2 1 3 9 4
8 13 1 3 9 4
6 13 1 3 9 4
7 1 3 1 3 9 4
6 1 2 1 2 7 4
5 13 1 2 9 4
5 1 2 1 3 9 4
5 1 2 1 1 9 4
7 1 3 1 2 9 4
Proof No. 1 0% 30% 5 0% 70% 90
1 7 1 2 1 5 1 2 5
2 6 1 2 1 4 1 2 5
3 7 1 2 1 5 1 2 5
4 7 1 3 15 1 2 5
5 8 1 3 1 5 1 2 5
6 6 1 1 13 1 1 5
7 6 1 2 1 5 1 2 5
8 6 1 2 1 4 1 2 5
9 6 1 2 1 4 1 1 5
10 7 1 3 1 5 1 2 5




Visual Dot Gain - Set D
Proof
Target: 50% Dot Area = 23% Visual Dot Gain
Cyan Printer - Set D
Proof No. 1 0% 30% 50% 70% 90
1 1 3 20 21 1 7 7
2 1 2 20 21 1 7 7
3 1 3 20 21 1 7 7
4 1 6 24 23 1 8 7
5 1 3 21 22 1 7 7
6 1 2 21 22 1 7 7
7 1 2 21 22 1 7 7
8 1 3 21 22 1 7 8
9 1 3 22 22 1 8 8
1 0 1 2 21 23 1 8 8
Average 1 2.9 21 .6 21 .9 17.3 7.3
Magenta Printer - Set D
Proof No. 1 0% 30% 50% 70%
90'
1 1 0 1 8 20 1 5 6
2 1 1 20 23 1 7 7
3 1 1 20 22 1 6 7
4 1 6 23 24 1 7 7
5 1 1 20 22 1 6 7
6 1 2 20 23 1 7 7
7 1 1 20 22 1 6 7
8 1 2 1 3 22 1 7 7
9 1 3 21 20 1 7 7
1 0 1 2 20 22 1 6 7
Average 1 1 .9 1 9.5 22.0 1 6.4 6.9
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Yellow Printer - Set D
Proof No. 1 0% 30% 5 0% 7 0% 90
1 13 19 19 14 7
2 12 20 20 15 7
3 12 20 20 14 7
4 18 24 23 16 7
5 13 20 20 14 7
6 13 20 20 14 7
7 13 20 21 15 7
8 12 20 20 15 7
9 6 19 21 15 7
1 0 12 19 20 14 7
Average 12.4 20.1 20.4 14.6 7.0
Black Printer - Set D
Proof No. 1 0% 30% 50% 70%
90'
1 1 0 1 9 22 1 6 7
2 1 1 20 23 1 7 8
3 1 1 20 23 1 7 8
4 1 6 24 25 1 8 8
5 1 2 20 24 1 7 8
6 1 2 21 24 1 8 8
7 1 2 21 24 1 8 8
8 1 1 20 24 1 8 8
9 13 22 25 1 8 8
1 0 1 0 20 23 1 7 8
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A E Comparision for Images in Sets A-D
A E Image 1 A E Image 1 A E Image 1 A E Image 1
2.03 1.79 1.63 2.06
3.53 2.64 2.01 2.56
2.68 2.20 3.20 1.52
2.38 1.69 2.72 2.90
0.90 2.49 2.37 2.56
3.03 2.93 2.26 2.76
3.00 1.33 2.04 4.03
2.54 1.85 3.33 3.34
3.14 2.80 1.08 2.83
2.54 1.56 1.84 1.72
A E Image 2 A E Image 2 A E Image 2 A E Image 2
1.32 1.83 0.50 3.17
1.37 2.04 0.21 3.87
1.25 2.74 0.66 0.69
1.81 2.47 0.82 1.95
1.46 2.60 0.45 1.52
1.05 2.70 1.02 2.56
1.33 1.98 1.05 2.94
0.51 0.77 0.97 2.17
0.98 2.09 0.58 0.63
1.76 0.12 0.73 1.06
A E Image 3 A E Image 3 A E Image 3 A E Image 3
0.29 1.01 2.20 2.19
0.27 0.32 2.76 2.12
0.66 0.82 2.47 2.15
0.52 0.76 2.29 2.36
0.19 0.57 2.50 2.08
0.51 0.60 2.47 1.90
0.25 1.05 2.52 1.52
0.49 0.53 2.15 1.95
0.78 0.71 2.28 2.38
1.34 0.56 2.21 1.32
A E Image 4 A E Image 4 A E Image 4 A E Image 4
1.08 1.34 2.80 3.62
1.60 1.53 3.50 2.99
1.77 1.80 3.07 3.33
0.89 1.89 4.29 3.66
0.91 1.48 4.11 3.51
1.31 1.29 3.46 3.73
1.45 1.62 4.67 3.63
1.45 1.56 4.08 4.09
1.23 1.65 4.34 3.94
3.67 1.38 4.58 1.36
Table 24 continued
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Set A Set B Set C Set D
A E Image 5 A E Image 5 A E Image 5 A E Image 5
1.03 1.88 3.54 2.57
0.33 1.86 3.97 2.51
0.85 1.87 3.86 3.33
0.26 1.71 3.67 2.70
0.66 1.83 3.69 2.95
1.00 1.44 3.71 3.01
0.66 1.86 3.78 2.78
0.68 1.53 3.21 3.01
0.64 1.90 3.48 3.08
2.49 1.43 3.64 1.27
A E Image 6 A E Image 6 A E Image 6 A E Image 6
3.22 2.27 3.92 5.15
2.46 3.32 3.64 5.21
1.89 2.47 2.53 4.54
2.51 2.54 2.72 4.58
1.28 3.05 2.73 5.39
2.92 3.00 3.01 4.72
2.97 2.92 3.08 6.14
2.04 2.99 2.58 5.65
2.42 3.81 2.81 5.11
5.33 2.97 3.08 3.82
A E Image 7 A E Image 7 A E Image 7 A E Image 7
1.42 2.00 2.29 3.12
1.53 2.35 2.26 2.83
1.76 2.05 20.51 3.26
1.69 2.52 2.10 2.66
1.84 2.56 2.22 2.78
1.97 2.01 2.61 2.59
1.52 2.46 2.02 3.00
1.86 2.40 2.15 2.62
1.64 1.85 2.45 2.78
2.51 2.51 2.42 2.89
A E Image 8 A E Image 8 A E Image 8 A E Image 8
2.29 2.08 4.20 3.41
2.04 2.37 3.82 3.39
1.99 2.06 4.03 3.09
2.14 2.29 3.72 2.73
2.39 2.09 4.24 3.71
2.05 2.24 4.78 3.42
2.06 2.45 4.46 3.53
2.47 1.98 4.58 2.72
2.01 2.14 4.20 3.36
2.65 3.04 5.14 1.69
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Table 24 continued
Set A Set B Set C Set D
A E Image 9 A E Image 9 A E Image 9 A E Image 9
3.07 3.44 5.53 4.86
2.47 2.92 2.28 4.61
2.80 3.49 1.55 4.25
2.76 3.59 3.07 4.54
3.01 3.29 3.02 5.26
3.13 3.34 4.12 5.17
2.26 3.27 1.67 5.68
2.92 3.50 1.93 4.61
2.52 3.68 3.68 5.07
5.39 3.78 2.03 3.42
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Table 25
AE Comparision for Solid Ink Areas for Sets A-D
Cyan Set A Cyan Set B Cyan Set C Cyan Set
6.87 7.15 8.23 4.83
7.01 7.01 8.38 6.04
7.27 6.62 7.88 6.00
7.13 7.18 7.69 5.57
6.99 6.69 7.54 6.03
7.02 6.83 7.63 6.04
6.69 6.69 7.58 6.16
6.61 6.87 8.06 5.95
6.68 6.64 7.62 6.13
6.13 6.98 7.65 5.96
Magenta Set A Magenta Set B Magenta Set C Magenta Set D
4.49 4.41 5.76 2.40
4.27 4.04 4.85 4.21
3.96 4.79 5.26 4.07
4.22 4.65 5.29 4.37
4.30 4.48 4.67 4.19
4.63 4.45 5.23 4.57
4.51 4.35 5.22 4.38
4.64 4.62 5.13 4.72
4.47 4.77 5.27 4.34
4.68 4.85 5.16 4.24
)w Set A Yellow Set B Yellow Set C Yellow S.
1.76 2.35 3.57 2.21
2.24 2.37 3.02 3.82
1.85 2.30 3.11 3.44
2.60 2.10 2.87 3.43
2.03 2.37 3.12 2.87
2.17 2.11 2.90 3.14
2.20 2.07 2.98 3.45
2.13 2.00 2.68 4.17
1.98 2.06 2.63 3.98
2.69 2.60 2.62 2.82
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Table 25 continued
Red Set A Red Set B Red Set C Red Set D
4.27 4.95 6.71 3.02
4.50 4.93 6.64 5.64
3.82 4.85 7.07 5.61
5.37 5.01 6.70 6.16
4.91 5.36 6.61 5.75
5.27 4.75 7.32 6.08
4.93 4.67 6.71 6.09
4.84 4.91 7.12 5.76
4.74 5.01 6.85 5.60
5.55 5.56 6.67 4.50
Green Set A Green Set B Green Set C Green Set D
5.12 6.48 6.33 2.58
6.13 5.78 7.30 3.63
6.77 5.85 6.44 3.88
5.81 5.64 6.52 3.25
5.99 5.74 6.07 3.77
5.72 5.82 6.26 3.34
5.90 5.83 6.33 3.98
5.97 5.83 6.29 3.70
5.89 6.09 6.30 3.88
3.67 6.03 5.99 4.01
Blue Set A Blue Set B Blue Set C Blue Set D
8.91 8.68 11.40 5.11
9.13 8.72 11.28 8.11
8.77 9.09 11.87 8.22
9.44 9.09 11.20 7.88
9.17 8.70 11.05 8.49
9.60 8.89 11.50 8.43
9.28 8.83 11.13 8.49
9.55 9.02 11.13 8.13
9.15 8.51 11.23 7.85
8.40 9.06 11.23 7.67
Table 25 continued
1 17
Z Black Set A 3/C Black Set 3/C Black Set 3/C Black Set
B C D
8.59 8.39 10.95 4.82
8.71 8.44 10.65 7.66
8.87 8.77 11.02 7.68
8.88 8.69 10.98 7.63
8.71 8.39 10.57 7.86
9.01 8.27 11.15 7.91
8.96 8.39 10.63 8.16
9.03 8.71 11.00 7.67
8.49 8.48 11.05 7.64
7.87 8.59 11.22 7.33




Set 4/C Black Set
D
2.86 3.05 3.67 2.20
2.86 3.15 3.82 2.97
2.82 2.81 3.43 3.21
3.15 3.15 3.52 2.98
3.26 3.17 3.34 3.16
3.15 2.86 3.34 2.77
3.07 3.06 2.62 3.27
3.04 2.89 3.61 2.92
3.06 2.98 3.04 3.27
2.87 3.15 3.54 2.97













CIE Tables for Images and Solid Ink Areas of Test Set A
CIE Data for Image 1 Set A
Proof# L*Std L*A AL a* Std a*A Aa* b* Std b*A A
b*
AEImgl
1 78.19 79.97 -1.78 -7.59 -8.2 0.61 26.83 27.59 -0.76 2.03
2 78.19 81.68 -3.49 -7.59 -7.73 0.14 26.83 26.29 0.54 3.53
3 78.19 80.74 -2.55 -7.59 -7.68 0.09 26.83 26.02 0.81 2.68
4 78.19 80.53 -2.34 -7.59 -7.9 0.31 26.83 27.15 -0.32 2.38
5 78.19 78.9 -0.71 -7.59 -7.83 0.24 26.83 27.32 -0.49 0.90
6 78.19 81.09 -2.9 -7.59 -8.06 0.47 26.83 27.59 -0.76 3.03
7 78.19 81.13 -2.94 -7.59 -8.08 0.49 26.83 27.13 -0.3 3.00
8 78.19 80.64 -2.45 -7.59 -8.09 0.5 26.83 27.29 -0.46 2.54
9 78.19 81.31 -3.12 -7.59 -7.9 0.31 26.83 26.69 0.14 3.14
10 78.19 79.42 -1.23 -7.59 -8.24 0.65 26.83 28.96 -2.13 2.54
Ave. 78.19 80.54 -2.35 -7.59 -7.97 0.38 26.83 27.20 -0.37 2.58
CIE Data for Image 2 Set A







1 83.12 83.17 -0.05 -2.86 -3.40 0.54 16.22 17.42 -1.20 1.32
2 83.12 82.56 0.56 -2.86 -3.30 0.44 16.22 17.39 -1.17 1.37
3 83.12 84.16 -1.04 -2.86 -3.32 0.46 16.22 15.71 0.51 1.25
4 83.12 82.40 0.72 -2.86 -3.55 0.69 16.22 17.73 -1.51 1.81
5 83.12 82.65 0.47 -2.86 -3.53 0.67 16.22 17.43 -1.21 1.46
6 83.12 82.74 0.38 -2.86 -3.51 0.65 16.22 16.95 -0.73 1.05
7 83.12 83.10 0.02 -2.86 -3.37 0.51 16.22 17.45 -1.23 1.33
8 83.12 83.07 0.05 -2.86 -3.21 0.35 16.22 16.59 -0.37 0.51
9 83.12 83.05 0.07 -2.86 -3.23 0.37 16.22 17.13 -0.91 0.98
10 83.12 81.97 1.15 -2.86 -2.85 -0.01 16.22 17.55 -1.33 1.76
Ave 83.12 82.89 0.23 -2.86 -3.33 0.47 16.22 17.14 -0.92 1.28
CIE Data for Image 3 Set A






A E Img 3
1 72.65 72.41 0.24 0.08 0.03 0.05 1.73 1.88 -0.15 0.29
2 72.65 72.55 0.10 0.08 0.32 -0.24 1.73 1.66 0.07 0.27
3 72.65 72.50 0.15 0.08 0.23 -0.15 1.73 1.11 0.62 0.66
4 72.65 72.15 0.50 0.08 0.16 -0.08 1.73 1.61 0.12 0.52
5 72.65 72.81 -0.16 0.08 0.16 -0.08 1.73 1.68 0.05 0.19
6 72.65 72.65 0.00 0.08 0.46 -0.38 1.73 1.39 0.34 0.51
7 72.65 72.60 0.05 0.08 0.31 -0.23 1.73 1.66 0.07 0.25
8 72.65 72.38 0.27 0.08 0.36 -0.28 1.73 1.43 0.30 0.49
9 72.65 73.32 -0.67 0.08 0.22 -0.14 1.73 2.10 -0.37 0.78
10 72.65 71.53 1.12 0.08 0.80 -0.72 1.73 1.89 -0.16 1.34
Ave 72.65 72.49 0.16 0.08 0.31 -0.23 1.73 1.64 0.09 0.53
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Table 26 continued
CIE Data for Image 4 Set A








A E Img 4
1 57.53 58.25 -0.72 16.06 15.87 0.19 17.60 16.82 0.78 1.08
2 57.53 58.66 -1.13 16.06 15.47 0.59 17.60 16.63 0.97 1.60
3 57.53 58.13 -0.60 16.06 15.93 0.13 17.60 15.94 1.66 1.77
4 57.53 58.08 -0.55 16.06 15.91 0.15 17.60 16.92 0.68 0.89
5 57.53 57.82 -0.29 16.06 15.41 0.65 17.60 17.03 0.57 0.91
6 57.53 58.40 -0.87 16.06 15.84 0.22 17.60 16.65 0.95 1.31
7 57.53 58.46 -0.93 16.06 15.44 0.62 17.60 16.67 0.93 1.45
8 57.53 57.70 -0.17 16.06 16.25 -0.19 17.60 16.17 1.43 1.45
9 57.53 58.31 -0.78 16.06 15.89 0.17 17.60 16.66 0.94 1.23
10 57.53 55.31 2.22 16.06 18.84 -2.78 17.60 16.69 0.91 3.67
Ave 57.53 57.91 -0.38 16.06 16.09 -0.03 17.60 16.62 0.98 1.54
CIE Data for Image 5 Set A








A E Img 5
1 65.83 66.49 -0.66 -0.11 0.15 -0.26 1.71 0.97 0.74 1.03
2 65.83 65.79 0.04 -0.11 0.16 -0.27 1.71 1.52 0.19 0.33
3 65.83 65.78 0.05 -0.11 0.18 -0.29 1.71 0.91 0.80 0.85
4 65.83 65.78 0.05 -0.11 0.08 -0.19 1.71 1.54 0.17 0.26
5 65.83 65.87 -0.04 -0.11 0.22 -0.33 1.71 1.14 0.57 0.66
6 65.83 66.43 -0.60 -0.11 0.32 -0.43 1.71 1.04 0.67 1.00
7 65.83 65.91 -0.08 -0.11 0.30 -0.41 1.71 1.20 0.51 0.66
8 65.83 65.88 -0.05 -0.11 0.18 -0.29 1.71 1.10 0.61 0.68
9 65.83 65.94 -0.11 -0.11 0.51 -0.62 1.71 1.59 0.12 0.64
10 65.83 63.99 1.84 -0.11 0.95 -1.06 1.71 0.41 1.30 2.49
Ave 65.83 65.79 0.04 -0.11 0.31 -0.42 1.71 1.14 0.57 0.86
CIE Data for Image 6 Set A






A E Img 6
1 60.19 58.97 1.22 17.48 17.15 0.33 7.54 10.5 -2.96 3.22
2 60.19 60.41 -0.22 17.48 16.22 1.26 7.54 9.64 -2.1 2.46
3 60.19 60.05 0.14 17.48 16.24 1.24 7.54 8.96 -1.42 1.89
4 60.19 59.45 0.74 17.48 16.19 1.29 7.54 9.56 -2.02 2.51
5 60.19 58.91 1.28 17.48 17.48 0 7.54 7.54 0 1.28
6 60.19 60.73 -0.54 17.48 15.45 2.03 7.54 9.57 -2.03 2.92
7 60.19 58.97 1.22 17.48 16.6 0.88 7.54 10.1 -2.56 2.97
8 60.19 59.97 0.22 17.48 16.33 1.15 7.54 9.21 -1.67 2.04
9 60.19 59.39 0.8 17.48 16.71 0.77 7.54 9.69 -2.15 2.42
10 60.19 56.04 4.15 17.48 20.13 -2.65 7.54 9.57 -2.03 5.33
Avg 60.19 59.289 0.901 17.48 16.85 0.63 7.54 9.434 -1.894 2.70
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Table 26 continued
CIE Data for Image 7 Set A




A E Img 7
1 79.01 78.26 0.75 -9.57 -8.37 -1.2 -1.09 -0.94 -0.15 1.42
2 79.01 78.32 0.69 -9.57 -8.22 -1.35 -1.09 -0.89 -0.2 1.53
3 79.01 78.18 0.83 -9.57 -8.03 -1.54 -1.09 -1.26 0.17 1.76
4 79.01 78 1.01 -9.57 -8.22 -1.35 -1.09 -1.04 -0.05 1.69
5 79.01 77.93 1.08 -9.57 -8.2 -1.37 -1.09 -1.67 0.58 1.84
6 79.01 78.04 0.97 -9.57 -7.97 -1.6 -1.09 -1.7 0.61 1.97
7 79.01 78.15 0.86 -9.57 -8.32 -1.25 -1.09 -1.13 0.04 1.52
a 79.01 77.87 1.14 -9.57 -8.21 -1.36 -1.09 -1.66 0.57 1.86
9 79.01 78.1 0.91 -9.57 -8.22 -1.35 -1.09 -1.25 0.16 1.64
10 79.01 76.7 2.31 -9.57 -8.66 -0.91 -1.09 -1.48 0.39 2.51
Avg 79.01 77.96 1.06 -9.57 -8.24 -1.33 -1.09 -1.30 0.21 1.77
CIE Data for Image 8 Set A






A E Img 8
1 66.44 65.19 1.25 -9.46 -7.55 -1.91 -20.19 -20.35 0.16 2.29
2 66.44 65.9 0.54 -9.46 -7.51 -1.95 -20.19 -19.97 -0.22 2.04
3 66.44 65.91 0.53 -9.46 -7.59 -1.87 -20.19 -19.75 -0.44 1.99
4 66.44 65.41 1.03 -9.46 -7.59 -1.87 -20.19 -20.1 -0.09 2.14
5 66.44 65.16 1.28 -9.46 -7.46 -2 -20.19 -20.5 0.31 2.39
6 66.44 65.67 0.77 -9.46 -7.56 -1.9 -20.19 -20.18 -0.01 2.05
7 66.44 65.71 0.73 -9.46 -7.54 -1.92 -20.19 -20.11 -0.08 2.06
8 66.44 65.24 1.2 -9.46 -7.36 -2.1 -20.19 -20.69 0.5 2.47
9 66.44 65.28 1.16 -9.46 -7.82 -1.64 -20.19 -20.19 0 2.01
10 66.44 64.68 1.76 -9.46 -7.58 -1.88 -20.19 -20.83 0.64 2.65
Avg 66.44 65.42 1.02 -9.46 -7.56 -1.90 -20.19 -20.27 0.08 2.21
CIE Data for Image 9 Set A






A E Img 9
1 22.00 20.52 1.48 -7.99 -9.94 1.95 1.76 3.61 -1.85 3.07
2 22.00 19.90 2.10 -7.99 -9.19 1.20 1.76 1.24 0.52 2.47
3 22.00 19.65 2.35 -7.99 -9.27 1.28 1.76 0.93 0.83 2.80
4 22.00 20.89 1.11 -7.99 -10.29 2.30 1.76 2.81 -1.05 2.76
5 22.00 20.48 1.52 -7.99 -10.44 2.45 1.76 2.62 -0.86 3.01
6 22.00 20.46 1.54 -7.99 -10.34 2.35 1.76 3.13 -1.37 3.13
7 22.00 20.79 1.21 -7.99 -9.51 1.52 1.76 2.91 -1.15 2.26
8 22.00 19.31 2.69 -7.99 -8.89 0.90 1.76 1.05 0.71 2.92
9 22.00 20.63 1.37 -7.99 -9.87 1.88 1.76 2.72 -0.96 2.52
10 22.00 16.62 5.38 -7.99 -7.66 -0.33 1.76 1.70 0.06 5.39















1 59.60 55.00 4.60 -41.60 -40.60 -1.00 -31.50 -36.50 5.00 6.87
2 59.60 55.20 4.40 -41.60 -40.80 -0.80 -31.50 -36.90 5.40 7.01
3 59.60 54.80 4.80 -41.60 -40.80 -0.80 -31.50 -36.90 5.40 7.27
4 59.60 54.90 4.70 -41.60 -40.80 -0.80 -31.50 -36.80 5.30 7.13
5 59.60 55.00 4.60 -41.60 -40.80 -0.80 -31.50 -36.70 5.20 6.99
6 59.60 55.20 4.40 -41.60 -40.70 -0.90 -31.50 -36.90 5.40 7.02
7 59.60 55.30 4.30 -41.60 -40.50 -1.10 -31.50 -36.50 5.00 6.69
8 59.60 55.40 4.20 -41.60 -40.60 -1.00 -31.50 -36.50 5.00 6.61
9 59.60 55.20 4.40 -41.60 -40.50 -1.10 -31.50 -36.40 4.90 6.68
10 59.60 55.80 3.80 -41.60 -39.90 -1.70 -31.50 -36.00 4.50 6.13













1 48.30 46.10 2.20 60.50 60.80 -0.30 -1.00 2.90 -3.90 4.49
2 48.30 46.20 2.10 60.50 60.90 -0.40 -1.00 2.70 -3.70 4.27
3 48.30 46.00 2.30 60.50 60.90 -0.40 -1.00 2.20 -3.20 3.96
4 48.30 46.00 2.30 60.50 61.00 -0.50 -1.00 2.50 -3.50 4.22
5 48.30 46.00 2.30 60.50 61.00 -0.50 -1.00 2.60 -3.60 4.30
6 48.30 45.90 2.40 60.50 61.20 -0.70 -1.00 2.90 -3.90 4.63
7 48.30 46.10 2.20 60.50 61.00 -0.50 -1.00 2.90 -3.90 4.51
8 48.30 46.00 2.30 60.50 61.00 -0.50 -1.00 3.00 -4.00 4.64
9 48.30 46.00 2.30 60.50 61.00 -0.50 -1.00 2.80 -3.80 4.47
10 48.30 45.90 2.40 60.50 60.90 -0.40 -1.00 3.00 -4.00 4.68













1 81.80 81.10 0.70 0.40 -1.00 1.40 80.30 81.10 -0.80 1.76
2 81.80 83.20 -1.40 0.40 -1.10 1.50 80.30 81.20 -0.90 2.24
3 81.80 83.00 -1.20 0.40 -1.00 1.40 80.30 80.10 0.20 1.85
4 81.80 83.10 -1.30 0.40 -0.80 1.20 80.30 82.20 -1.90 2.60
5 81.80 82.90 -1.10 0.40 -0.90 1.30 80.30 81.40 -1.10 2.03
6 81.80 83.30 -1.50 0.40 -1.00 1.40 80.30 81.00 -0.70 2.17
7 81.80 83.10 -1.30 0.40 -0.90 1.30 80.30 81.50 -1.20 2.20
8 81.80 83.30 -1.50 0.40 -1.10 1.50 80.30 80.50 -0.20 2.13
9 81.80 83.10 -1.30 0.40 -0.80 1.20 80.30 81.20 -0.90 1.98
10 81.80 82.90 -1.10 0.40 -0.70 1.10 80.30 82.50 -2.20 2.69













1 47.60 45.70 1.90 57.20 59.80 -2.60 39.20 42.00 -2.80 4.27
2 47.60 45.60 2.00 57.20 59.90 -2.70 39.20 42.20 -3.00 4.50
3 47.60 45.30 2.30 57.20 60.00 -2.80 39.20 40.40 -1.20 3.82
4 47.60 45.10 2.50 57.20 60.30 -3.10 39.20 42.80 -3.60 5.37
5 47.60 45.40 2.20 57.20 60.10 -2.90 39.20 42.50 -3.30 4.91
6 47.60 45.30 2.30 57.20 60.40 -3.20 39.20 42.70 -3.50 5.27
7 47.60 45.50 2.10 57.20 60.20 -3.00 39.20 42.50 -3.30 4.93
8 47.60 45.40 2.20 57.20 60.20 -3.00 39.20 42.30 -3.10 4.84
9 47.60 45.50 2.10 57.20 60.10 -2.90 39.20 42.30 -3.10 4.74
10 47.60 45.30 2.30 57.20 60.00 -2.80 39.20 43.40 -4.20 5.55













1 52.60 48.90 3.70 -53.70 -55.40 1.70 28.00 24.90 3.10 5.12
2 52.60 48.80 3.80 -53.70 -57.00 3.30 28.00 24.50 3.50 6.13
3 52.60 48.80 3.80 -53.70 -56.60 2.90 28.00 23.20 4.80 6.77
4 52.60 48.60 4.00 -53.70 -57.10 3.40 28.00 25.50 2.50 5.81
5 52.60 48.60 4.00 -53.70 -57.00 3.30 28.00 25.00 3.00 5.99
6 52.60 49.20 3.40 -53.70 -56.80 3.10 28.00 24.60 3.40 5.72
7 52.60 49.00 3.60 -53.70 -56.90 3.20 28.00 24.60 3.40 5.90
8 52.60 49.20 3.40 -53.70 -56.40 2.70 28.00 23.90 4.10 5.97
9 52.60 48.70 3.90 -53.70 -57.20 3.50 28.00 25.30 2.70 5.89
10 52.60 49.60 3.00 -53.70 -55.70 2.00 28.00 27.30 0.70 3.67













1 30.3 22.5 7.8 9.4 13.7 -4.3 -36 -35.7 -0.3 8.91
2 30.3 22.3 8 9.4 13.8 -4.4 -36 -36 0 9.13
3 30.3 22.5 7.8 9.4 13.4 -4 -36 -36.4 0.4 8.77
4 30.3 22 8.3 9.4 13.9 -4.5 -36 -36.1 0.1 9.44
5 30.3 22.2 8.1 9.4 13.7 -4.3 -36 -36 0 9.17
6 30.3 22.1 8.2 9.4 14.4 -5 -36 -35.9 -0.1 9.60
7 30.3 22.3 8 9.4 14.1 -4.7 -36 -35.8 -0.2 9.28
8 30.3 22.1 8.2 9.4 14.3 -4.9 -36 -36 0 9.55
9 30.3 22.4 7.9 9.4 14 -4.6 -36 -35.6 -0.4 9.15
10 30.3 23.5 6.8 9.4 14.3 -4.9 -36 -35.5 -0.5 8.40












A E 3/C K
1 26.40 19.10 7.30 -0.40 4.00 -4.40 -2.50 -3.60 1.10 8.59
2 26.40 19.10 7.30 -0.40 4.10 -4.50 -2.50 -4.00 1.50 8.71
3 26.40 19.10 7.30 -0.40 3.50 -3.90 -2.50 -5.70 3.20 8.87
4 26.40 18.80 7.60 -0.40 4.00 -4.40 -2.50 -3.80 1.30 8.88
5 26.40 18.90 7.50 -0.40 3.80 4.20 -2.50 -3.90 1.40 8.71
6 26.40 18.90 7.50 -0.40 4.40 -4.80 -2.50 -3.90 1.40 9.01
7 26.40 19.00 7.40 -0.40 4.50 -4.90 -2.50 -3.70 1.20 8.96
8 26.40 18.90 7.50 -0.40 4.40 -4.80 -2.50 -4.00 1.50 9.03
9 26.40 19.30 7.10 -0.40 4.10 -4.50 -2.50 -3.70 1.20 8.49
10 26.40 20.30 6.10 -0.40 4.50 -4.90 -2.50 -1.70 -0.80 7.87












A E 4/C K
1 9.70 6.90 2.80 -0.30 0.00 -0.30 -1.80 -1.30 -0.50 2.86
2 9.70 6.90 2.80 -0.30 0.00 -0.30 -1.80 -1.30 -0.50 2.86
3 9.70 6.90 2.80 -0.30 0.00 -0.30 -1.80 -1.60 -0.20 2.82
4 9.70 6.60 3.10 -0.30 -0.10 -0.20 -1.80 -1.30 -0.50 3.15
5 9.70 6.50 3.20 -0.30 -0.10 -0.20 -1.80 -1.20 -0.60 3.26
6 9.70 6.60 3.10 -0.30 0.10 -0.40 -1.80 -1.40 -0.40 3.15
7 9.70 6.70 3.00 -0.30 0.00 -0.30 -1.80 -1.20 -0.60 3.07
8 9.70 6.70 3.00 -0.30 0.00 -0.30 -1.80 -1.40 -0.40 3.04
9 9.70 6.70 3.00 -0.30 0.00 -0.30 -1.80 -1.30 -0.50 3.06
10 9.70 7.10 2.60 -0.30 0.40 -0.70 -1.80 -0.80 -1.00 2.87













1 88.10 87.10 1.00 -0.60 -0.30 -0.30 5.30 6.40 -1.10 1.52
2 88.10 87.30 0.80 -0.60 -0.30 -0.30 5.30 6.10 -0.80 1.17
3 88.10 87.20 0.90 -0.60 -0.20 -0.40 5.30 6.10 -0.80 1.27
4 88.10 87.20 0.90 -0.60 -0.20 -0.40 5.30 6.00 -0.70 1.21
5 88.10 87.30 0.80 -0.60 -0.30 -0.30 5.30 5.70 -0.40 0.94
6 88.10 87.40 0.70 -0.60 -0.20 -0.40 5.30 5.80 -0.50 0.95
7 88.10 87.40 0.70 -0.60 -0.20 -0.40 5.30 6.10 -0.80 1.14
8 88.10 87.30 0.80 -0.60 -0.30 -0.30 5.30 5.90 -0.60 1.04
9 88.10 87.40 0.70 -0.60 -0.20 -0.40 5.30 6.20 -0.90 1.21
10 88.10 87.30 0.80 -0.60 -0.30 -0.30 5.30 6.00 -0.70 1.10
Average 88.10 87.29 0.81 -0.60 -0.25 -0.35 5.30 6.03 -0.73 1.15
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Table 27
CIE Tables for Images and Solid Ink Areas of Test Set B
CIE Data for Image 1 Set B




A E Img 1
1 78.19 79.87 -1.68 -7.59 -8.18 0.59 26.83 27.01 -0.18 1.79
2 78.19 80.75 -2.56 -7.59 -8.17 0.58 26.83 26.52 0.31 2.64
3 78.19 80.25 -2.06 -7.59 -8.18 0.59 26.83 27.32 -0.49 2.20
4 78.19 77.98 0.21 -7.59 -8.32 0.73 26.83 28.34 -1.51 1.69
5 78.19 80.61 -2.42 -7.59 -8.16 0.57 26.83 26.71 0.12 2.49
6 78.19 81.04 -2.85 -7.59 -7.97 0.38 26.83 26.27 0.56 2.93
7 78.19 78.94 -0.75 -7.59 -8.28 0.69 26.83 27.68 -0.85 1.33
8 78.19 79.87 -1.68 -7.59 -8.16 0.57 26.83 27.34 -0.51 1.85
9 78.19 80.87 -2.68 -7.59 -8.36 0.77 26.83 27.07 -0.24 2.80
10 78.19 78.09 0.1 -7.59 -8.19 0.6 26.83 28.27 -1.44 1.56
Ave 78.19 79.83 -1.64 -7.59 -8.20 0.61 26.83 27.25 -0.42 2.13















A E Img 2
1 83.12 81.89 1.23 -2.86 -3.16 0.3 16.22 17.54 -1.32 1.83
2 83.12 81.35 1.77 -2.86 -3.18 0.32 16.22 17.18 -0.96 2.04
3 83.12 81.01 2.11 -2.86 -3.06 0.2 16.22 17.95 -1.73 2.74
4 83.12 81.25 1.87 -2.86 -3.22 0.36 16.22 17.8 -1.58 2.47
5 83.12 81.05 2.07 -2.86 -3.17 0.31 16.22 17.76 -1.54 2.60
6 83.12 81.06 2.06 -2.86 -3.13 0.27 16.22 17.95 -1.73 2.70
7 83.12 81.8 1.32 -2.86 -3.38 0.52 16.22 17.6 -1.38 1.98
8 83.12 82.59 0.53 -2.86 -3.05 0.19 16.22 16.75 -0.53 0.77
9 83.12 81.45 1.67 -2.86 -3.2 0.34 16.22 17.43 -1.21 2.09
10 83.12 83.21 -0.09 -2.86 -2.91 0.05 16.22 16.15 0.07 0.12
Ave 83.12 81.67 1.45 -2.86 -3.15 0.29 16.22 17.41 -1.19 1.93















A E Img 3
1 72.65 71.72 0.93 0.08 0.43 -0.35 1.73 1.57 0.16 1.01
2 72.65 72.41 0.24 0.08 0.29 -0.21 1.73 1.67 0.06 0.32
3 72.65 71.98 0.67 0.08 0.55 -0.47 1.73 1.66 0.07 0.82
4 72.65 72.06 0.59 0.08 0.52 -0.44 1.73 1.55 0.18 0.76
5 72.65 72.27 0.38 0.08 0.47 -0.39 1.73 1.56 0.17 0.57
6 72.65 72.44 0.21 0.08 0.54 -0.46 1.73 1.4 0.33 0.60
7 72.65 71.72 0.93 0.08 0.47 -0.39 1.73 1.45 0.28 1.05
8 72.65 72.22 0.43 0.08 0.38 -0.3 1.73 1.66 0.07 0.53
9 72.65 71.99 0.66 0.08 0.28 -0.2 1.73 1.88 -0.15 0.71
10 72.65 72.54 0.11 0.08 0.47 -0.39 1.73 2.12 -0.39 0.56
Ave 72.65 72.14 0.52 0.08 0.44 -0.36 1.73 1.65 0.08 0.69
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Table 27 continued
CIE Data for Image 4 Set B







1 57.53 57.65 -0.12 16.06 16.3 -0.24 17.6 16.29 1.31 1.34
2 57.53 57.87 -0.34 16.06 16.28 -0.22 17.6 1S.12 1.48 1.53
3 57.53 56.96 0.57 16.06 16.93 -0.87 17.6 16.13 1.47 1.80
4 57.53 56.85 0.68 16.06 17.06 -1 17.6 16.15 1.45 1.89
5 57.53 57.2 0.33 16.06 16.79 -0.73 17.6 16.36 1.24 1.48
6 57.53 57.34 0.19 16.06 16.45 -0.39 17.6 16.39 1.21 1.29
7 57.53 56.86 0.67 16.06 16.71 -0.65 17.6 16.28 1.32 1.62
8 57.53 57 0.53 16.06 16.77 -0.71 17.6 16.32 1.28 1.56
9 57.53 56.12 1.41 16.06 16.62 -0.56 17.6 16.94 0.66 1.65
10 57.53 56.62 0.91 16.06 16.75 -0.69 17.6 16.83 0.77 1.38
Ave 57.53 57.05 0.48 16.06 16.67 -0.61 17.60 16.38 1.22 1.55
CIE Data for Image 5 Set B







1 65.83 65.68 0.15 -0.11 0.72 -0.83 1.71 0.03 1.68 1.88
2 65.83 66.05 -0.22 -0.11 0.95 -1.06 1.71 0.2 1.51 1.86
3 65.83 65.61 0.22 -0.11 1.03 -1.14 1.71 0.25 1.46 1.87
4 65.83 65.5 0.33 -0.11 0.73 -0.84 1.71 0.26 1.45 1.71
5 65.83 65.8 0.03 -0.11 0.93 -1.04 1.71 0.21 1.5 1.83
6 65.83 66.05 -0.22 -0.11 0.71 -0.82 1.71 0.55 1.16 1.44
7 65.83 65.91 -0.08 -0.11 0.66 -0.77 1.71 0.02 1.69 1.86
8 65.83 65.92 -0.09 -0.11 0.96 -1.07 1.71 0.62 1.09 1.53
9 65.83 65.31 0.52 -0.11 0.9 -1.01 1.71 0.19 1.52 1.90
10 65.83 65.77 0.06 -0.11 0.83 -0.94 1.71 0.64 1.07 1.43
Ave 65.83 65.76 0.07 -0.11 0.84 -0.95 1.71 0.30 1.41 1.73
CIE Data for Image 6 Set B






A E Img 6
1 60.19 58.43 1.76 17.48 17.22 0.26 7.54 8.95 -1.41 2.27
2 60.19 57.45 2.74 17.48 17.81 -0.33 7.54 9.38 -1.84 3.32
3 60.19 58.43 1.76 17.48 17.56 -0.08 7.54 9.27 -1.73 2.47
4 60.19 58.27 1.92 17.48 17.75 -0.27 7.54 9.18 -1.64 2.54
5 60.19 57.65 2.54 17.48 17.62 -0.14 7.54 9.22 -1.68 3.05
6 60.19 57.96 2.23 17.48 17.52 -0.04 7.54 9.54 -2 3.00
7 60.19 57.92 2.27 17.48 17.83 -0.35 7.54 9.35 -1.81 2.92
8 60.19 57.89 2.3 17.48 17.49 -0.01 7.54 9.45 -1.91 2.99
9 60.19 56.98 3.21 17.48 18.31 -0.83 7.54 9.42 -1.88 3.81
10 60.19 58 2.19 17.48 17.84 -0.36 7.54 9.51 -1.97 2.97
Ave 60.19 57.90 2.29 17.48 17.70 -0.22 7.54 9.33 -1.79 2.93
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Table 27 continued
CIE Data for Image 7 Set B




A E Img 7
1 79.01 77.37 1.64 -9.57 -8.54 -1.03 -1.09 -1.58 0.49 2.00
2 79.01 77.11 1.9 -9.57 -8.31 -1.26 -1.09 -1.64 0.55 2.35
3 79.01 77.41 1.6 -9.57 -8.33 -1.24 -1.09 -1.44 0.35 2.05
4 79.01 76.96 2.05 -9.57 -8.32 -1.25 -1.09 -1.85 0.76 2.52
5 79.01 76.92 2.09 -9.57 -8.23 -1.34 -1.09 -1.71 0.62 2.56
6 79.01 77.53 1.48 -9.57 -8.36 -1.21 -1.09 -1.71 0.62 2.01
7 79.01 76.92 2.09 -9.57 -8.48 -1.09 -1.09 -1.81 0.72 2.46
8 79.01 77.01 2 -9.57 -8.35 -1.22 -1.09 -1.63 0.54 2.40
9 79.01 77.49 1.52 -9.57 -8.57 -1 -1.09 -1.44 0.35 1.85
10 79.01 76.86 2.15 -9.57 -8.37 -1.2 -1.09 -1.56 0.47 2.51
Ave 79.01 77.16 1.85 -9.57 -8.39 -1.18 -1.09 -1.64 0.55 2.27















A E Img 8
1 66.44 66.24 0.2 -9.46 -7.65 -1.81 -20.19 -19.19 -1 2.08
2 66.44 67.01 -0.57 -9.46 -7.54 -1.92 -20.19 -18.93 -1.26 2.37
3 66.44 66.13 0.31 -9.46 -7.55 -1.91 -20.19 -19.49 -0.7 2.06
4 66.44 65.73 0.71 -9.46 -7.42 -2.04 -20.19 -19.43 -0.76 2.29
5 66.44 66.27 0.17 -9.46 -7.49 -1.97 -20.19 -19.52 -0.67 2.09
6 66.44 66.37 0.07 -9.46 -7.3 -2.16 -20.19 -19.59 -0.6 2.24
7 66.44 65.35 1.09 -9.46 -7.27 -2.19 -20.19 -20.01 -0.18 2.45
8 66.44 66.26 0.18 -9.46 -7.66 -1.8 -20.19 -19.38 -0.81 1.98
9 66.44 66.31 0.13 -9.46 -7.49 -1.97 -20.19 -19.37 -0.82 2.14
10 66.44 64.05 2.39 -9.46 -7.85 -1.61 -20.19 -21.15 0.96 3.04
Ave 66.44 65.97 0.47 -9.46 -7.52 -1.94 -20.19 -19.61 -0.58 2.27
CIE Data for Image 9 Set B






A E Img 9
1 22 18.93 3.07 -7.99 -9.51 1.52 1.76 2.05 -0.29 3.44
2 22 19.4 2.6 -7.99 -9.23 1.24 1.76 2.21 -0.45 2.92
3 22 18.64 3.36 -7.99 -8.9 0.91 1.76 1.53 0.23 3.49
4 22 19.03 2.97 -7.99 -9.94 1.95 1.76 2.26 -0.5 3.59
5 22 19.3 2.7 -7.99 -9.77 1.78 1.76 2.34 -0.58 3.29
6 22 19.86 2.14 -7.99 -10.01 2.02 1.76 3.34 -1.58 3.34
7 22 18.88 3.12 -7.99 -8.96 0.97 1.76 1.71 0.05 3.27
8 22 20.26 1.74 -7.99 -10.45 2.46 1.76 3.54 -1.78 3.50
9 22 18.55 3.45 -7.99 -9.23 1.24 1.76 1.49 0.27 3.68
10 22 18.63 3.37 -7.99 -9.63 1.64 1.76 2.22 -0.46 3.78









1 59.60 54.90 4.70 -41 .60 -40.60 -1.00 -31.50 -36.80 5.30 7.15
2 59.60 55.40 4.20 -41.60 -40.50 -1.10 -31.50 -37.00 5.50 7.01
3 59.60 55.40 4.20 -41.60 -40.50 -1.10 -31.50 -36.50 5.00 6.62
4 59.60 55.10 4.50 -41.60 -40.60 -1.00 -31 .50 -37.00 5.50 7.18
5 59.60 55.70 3.90 -41.60 -40.40 -1.20 -31.50 -36.80 5.30 6.69
6 59.60 55.50 4.10 -41.60 -40.30 -1.30 -31.50 -36.80 5.30 6.83
7 59.60 55.70 3.90 -41.60 -40.40 -1.20 -31.50 -36.80 5.30 6.69
8 59.60 55.50 4.10 -41.60 -40.50 -1.10 -31.50 -36.90 5.40 6.87
9 59.60 55.50 4.10 -41.60 -40.50 -1.10 -31.50 -36.60 5.10 6.64
10 59.60 55.40 4.20 -41.60 -40.70 -0.90 -31.50 -37.00 5.50 6.98









1 48.30 46.30 2.00 60.50 61.00 -0.50 -1.00 2.90 -3.90 4.41
2 48.30 46.20 2.10 60.50 61.10 -0.60 -1.00 2.40 -3.40 4.04
3 48.30 46.00 2.30 60.50 61.40 -0.90 -1.00 3.10 -4.10 4.79
4 48.30 46.00 2.30 60.50 61.10 -0.60 -1.00 3.00 -4.00 4.65
5 48.30 46.00 2.30 60.50 61.10 -0.60 -1.00 2.80 -3.80 4.48
6 48.30 46.10 2.20 60.50 61.20 -0.70 -1.00 2.80 -3.80 4.45
7 48.30 46.10 2.20 60.50 61.10 -0.60 -1.00 2.70 -3.70 4.35
8 48.30 46.00 2.30 60.50 61.40 -0.90 -1.00 2.90 -3.90 4.62
9 48.30 46.00 2.30 60.50 61.30 -0.80 -1.00 3.10 -4.10 4.77
10 48.30 45.90 2.40 60.50 61.50 -1.00 -1.00 3.10 -4.10 4.85











1 81.80 83.20 -1.40 0.40 -1.20 1.60 80.30 81.30 -1.00 2.35
2 81.80 83.40 -1.60 0.40 -1.30 1.70 80.30 80.70 -0.40 2.37
3 81.80 83.30 -1.50 0.40 -1.10 1.50 80.30 81.20 -0.90 2.30
4 81.80 83.10 -1.30 0.40 -1.10 1.50 80.30 81.00 -0.70 2.10
5 81.80 83.10 -1.30 0.40 -1.00 1.40 80.30 81.70 -1.40 2.37
6 81.80 83.20 -1.40 0.40 -1.10 1.50 80.30 80.80 -0.50 2.11
7 81.80 83.10 -1.30 0.40 -1.20 1.60 80.30 80.50 -0.20 2.07
8 81.80 83.20 -1.40 0.40 -1.00 1.40 80.30 80.60 -0.30 2.00
9 81.80 83.20 -1.40 0.40 -1.10 1.50 80.30 80.50 -0.20 2.06
10 81.80 83.40 -1.60 0.40 -1.00 1.40 80.30 81.80 -1.50 2.60











1 47.60 45.60 2.00 57.20 60.30 -3.10 39.20 42.50 -3.30 4.95
2 47.60 45.50 2.10 57.20 60.40 -3.20 39.20 42.30 -3.10 4.93
3 47.60 45.40 2.20 57.20 60.40 -3.20 39.20 42.10 -2.90 4.85
4 47.60 45.30 2.30 57.20 60.40 -3.20 39.20 42.30 -3.10 5.01
5 47.60 45.40 2.20 57.20 60.40 -3.20 39.20 42.90 -3.70 5.36
6 47.60 45.60 2.00 57.20 60.20 -3.00 39.20 42.30 -3.10 4.75
7 47.60 45.50 2.10 57.20 60.20 -3.00 39.20 42.10 -2.90 4.67
8 47.60 45.40 2.20 57.20 60.50 -3.30 39.20 42.10 -2.90 4.91
9 47.60 45.60 2.00 57.20 60.40 -3.20 39.20 42.50 -3.30 5.01
10 47.60 45.40 2.20 57.20 60.50 -3.30 39.20 43.10 -3.90 5.56











1 52.60 48.90 3.70 -53.70 -57.20 3.50 28.00 24.00 4.00 6.48
2 52.60 49.30 3.30 -53.70 -56.80 3.10 28.00 24.40 3.60 5.78
3 52.60 49.20 3.40 -53.70 -56.70 3.00 28.00 24.30 3.70 5.85
4 52.60 49.90 2.70 -53.70 -57.20 3.50 28.00 24.50 3.50 5.64
5 52.60 48.90 3.70 -53.70 -56.80 3.10 28.00 24.90 3.10 5.74
6 52.60 49.20 3.40 -53.70 -56.50 2.80 28.00 24.20 3.80 5.82
7 52.60 49.20 3.40 -53.70 -57.10 3.40 28.00 24.70 3.30 5.83
8 52.60 49.30 3.30 -53.70 -57.10 3.40 28.00 24.60 3.40 5.83
9 52.60 48.90 3.70 -53.70 -57.50 3.80 28.00 25.00 3.00 6.09
10 52.60 48.70 3.90 -53.70 -57.50 3.80 28.00 25.40 2.60 6.03











1 30.30 22.70 7.60 9.40 13.60 -4.20 -36.00 -35.90 -0.10 8.68
2 30.30 22.90 7.40 9.40 14.00 -4.60 -36.00 -36.20 0.20 8.72
3 30.30 22.60 7.70 9.40 14.20 -4.80 -36.00 -35.50 -0.50 9.09
4 30.30 22.40 7.90 9.40 13.90 -4.50 -36.00 -36.10 0.10 9.09
5 30.30 22.80 7.50 9.40 13.80 -4.40 -36.00 -36.10 0.10 8.70
6 30.30 22.70 7.60 9.40 14.00 -4.60 -36.00 -36.30 0.30 8.89
7 30.30 22.70 7.60 9.40 13.90 -4.50 -36.00 -36.20 0.20 8.83
8 30.30 22.60 7.70 9.40 14.10 -4.70 -36.00 -36.20 0.20 9.02
9 30.30 22.90 7.40 9.40 13.60 -4.20 -36.00 -36.10 0.10 8.51
10 30.30 22.50 7.80 9.40 14.00 -4.60 -36.00 -36.30 0.30 9.06








v E 3/c blacl
1 26.40 19.20 7.20 -0.40 3.60 -4.00 -2.50 -4.10 1.60 8.39
2 26.40 19.40 7.00 -0.40 4.10 -4.50 -2.50 -3.90 1.40 8.44
3 26.40 19.30 7.10 -0.40 4.50 -4.90 -2.50 -4.10 1.60 8.77
4 26.40 19.00 7.40 -0.40 3.90 -4.30 -2.50 -4.00 1.50 8.69
5 26.40 19.30 7.10 -0.40 3.90 -4.30 -2.50 -3.70 1.20 8.39
6 26.40 19.50 6.90 -0.40 3.90 -4.30 -2.50 -4.00 1.50 8.27
7 26.40 19.40 7.00 -0.40 4.00 -4.40 -2.50 -3.90 1.40 8.39
8 26.40 19.40 7.00 -0.40 4.50 -4.90 -2.50 -4.20 1.70 8.71
9 26.40 19.20 7.20 -0.40 3.70 -4.10 -2.50 -4.30 1.80 8.48
10 26.40 19.20 7.20 -0.40 4.10 -4.50 -2.50 -3.80 1.30 8.59








\ E 4/c blacl
1 9.70 6.70 3.00 -0.30 -0.10 -0.20 -1.80 -1.30 -0.50 3.05
2 9.70 6.60 3.10 -0.30 0.10 -0.40 -1.80 -1.40 -0.40 3.15
3 9.70 7.00 2.70 -0.30 0.20 -0.50 -1.80 -1.20 -0.60 2.81
4 9.70 6.60 3.10 -0.30 0.00 -0.30 -1.80 -1.30 -0.50 3.15
5 9.70 6.60 3.10 -0.30 0.10 -0.40 -1.80 -1.30 -0.50 3.17
6 9.70 6.90 2.80 -0.30 0.10 -0.40 -1.80 -1.40 -0.40 2.86
7 9.70 6.70 3.00 -0.30 0.00 -0.30 -1.80 -1.30 -0.50 3.06
8 9.70 6.90 2.80 -0.30 0.20 -0.50 -1.80 -1.30 -0.50 2.89
9 9.70 6.80 2.90 -0.30 0.00 -0.30 -1.80 -1.20 -0.60 2.98
10 9.70 6.60 3.10 -0.30 0.00 -0.30 -1.80 -1.30 -0.50 3.15











1 88.10 87.30 0.80 -0.60 -0.30 -0.30 5.30 6.10 -0.80 1.17
2 88.10 87.40 0.70 -0.60 -0.30 -0.30 5.30 6.00 -0.70 1.03
3 88.10 87.40 0.70 -0.60 -0.30 -0.30 5.30 6.00 -0.70 1.03
4 88.10 87.40 0.70 -0.60 -0.30 -0.30 5.30 5.70 -0.40 0.86
5 88.10 87.40 0.70 -0.60 -0.40 -0.20 5.30 5.80 -0.50 0.88
6 88.10 87.40 0.70 -0.60 -0.20 -0.40 5.30 5.70 -0.40 0.90
7 88.10 87.40 0.70 -0.60 -0.30 -0.30 5.30 5.50 -0.20 0.79
8 88.10 87.50 0.60 -0.60 -0.20 -0.40 5.30 5.80 -0.50 0.88
9 88.10 87.40 0.70 -0.60 -0.30 -0.30 5.30 6.10 -0.80 1.10
10 88.10 87.70 0.40 -0.60 -0.20 -0.40 5.30 6.00 -0.70 0.90
Average 88.10 87.43 0.67 -0.60 -0.28 -0.32 5.30 5.87 -0.57 0.96
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Table 28
CIE Tables for Images and Solid Ink Areas of Test Set C
CIE Data for Image 1 Set C






1 E Img 1
1 78.19 79.73 -1.54 -7.59 -7.78 0.19 26.83 26.33 0.5 1.63
2 78.19 80.14 -1.95 -7.59 -7.58 -0.01 26.83 26.34 0.49 2.01
3 78.19 80.98 -2.79 -7.59 -7.69 0.1 26.83 25.27 1.56 3.20
4 78.19 80.67 -2.48 -7.59 -7.7 0.11 26.83 25.72 1.11 2.72
5 78.19 80.55 -2.36 -7.59 -7.85 0.26 26.83 26.78 0.05 2.37
6 78.19 80 -1.81 -7.59 -7.36 -0.23 26.83 25.49 1.34 2.26
7 78.19 80.07 -1.88 -7.59 -7.91 0.32 26.83 26.11 0.72 2.04
8 78.19 81.23 -3.04 -7.59 -7.58 -0.01 26.83 25.48 1.35 3.33
9 78.19 79.23 -1.04 -7.59 -7.65 0.06 26.83 26.53 0.3 1.08
10 78.19 79.93 -1.74 -7.59 -7.7 0.11 26.83 26.24 0.59 1.84
Ave 78.19 80.25 -2.06 -7.59 -7.68 0.09 26.83 26.03 0.80 2.25
CIE Data for Image 2 Set C








^ E Img i
1 83.12 83.03 0.09 -2.86 -3.34 0.48 16.22 16.33 -0.11 0.50
2 83.12 83.2 -0.08 -2.86 -3 0.14 16.22 16.08 0.14 0.21
3 83.12 83.16 -0.04 -2.86 -3.27 0.41 16.22 15.71 0.51 0.66
4 83.12 83.57 -0.45 -2.86 -3.44 0.58 16.22 15.86 0.36 0.82
5 83.12 82.93 0.19 -2.86 -3.2 0.34 16.22 16.44 -0.22 0.45
6 83.12 83.75 -0.63 -2.86 -3.02 0.16 16.22 15.44 0.78 1.02
7 83.12 82.29 0.83 -2.86 -3.48 0.62 16.22 16.36 -0.14 1.05
8 83.12 82.33 0.79 -2.86 -3.37 0.51 16.22 16.45 -0.23 0.97
9 83.12 82.92 0.2 -2.86 -3.09 0.23 16.22 15.73 0.49 0.58
10 83.12 83.05 0.07 -2.86 -3.2 0.34 16.22 15.58 0.64 0.73
Ave 83.12 83.02 0.10 -2.86 -3.24 0.38 16.22 16.00 0.22 0.70
CIE Data for Image 3 Set C









1 72.65 74.82 -2.17 0.08 0.39 -0.31 1.73 1.56 0.17 2.20
2 72.65 75.37 -2.72 0.08 0.44 -0.36 1.73 1.48 0.25 2.76
3 72.65 75.09 -2.44 0.08 0.25 -0.17 1.73 1.38 0.35 2.47
4 72.65 74.83 -2.18 0.08 0.35 -0.27 1.73 1.08 0.65 2.29
5 72.65 75.07 -2.42 0.08 0.48 -0.4 1.73 1.25 0.48 2.50
6 72.65 75.03 -2.38 0.08 0.53 -0.45 1.73 1.27 0.46 2.47
7 72.65 75.06 -2.41 0.08 0.57 -0.49 1.73 1.17 0.56 2.52
8 72.65 74.61 -1.96 0.08 0.51 -0.43 1.73 0.97 0.76 2.15
9 72.65 74.85 -2.2 0.08 0.42 -0.34 1.73 1.23 0.5 2.28
10 72.65 74.83 -2.18 0.08 0.46 -0.38 1.73 1.73 0 2.21
Ave 72.65 74.96 -2.31 0.08 0.44 -0.36 1.73 1.31 0.42 2.38
131
Table 28 continued
CIE Data for Image 4 Set C






\ E Img A
1 57.53 59.84 -2.31 16.06 14.51 1.55 17.6 17.32 0.28 2.80
2 57.53 60.46 -2.93 16.06 14.36 1.7 17.6 16.73 0.87 3.50
3 57.53 59.96 -2.43 16.06 14.56 1.5 17.6 16.48 1.12 3.07
4 57.53 61.08 -3.55 16.06 14.5 1.56 17.6 15.77 1.83 4.29
5 57.53 61.11 -3.58 16.06 14.33 1.73 17.6 16.54 1.06 4.11
6 57.53 60.4 -2.87 16.06 14.49 1.57 17.6 16.48 1.12 3.46
7 57.53 61.45 -3.92 16.06 14.35 1.71 17.6 15.72 1.88 4.67
8 57.53 60.8 -3.27 16.06 14.39 1.67 17.6 15.81 1.79 4.08
9 57.53 61.1 -3.57 16.06 14.1 1.96 17.6 16.09 1.51 4.34
10 57.53 61.43 -3.9 16.06 14.34 1.72 17.6 15.93 1.67 4.58
Ave 57.53 60.76 -3.23 16.06 14.39 1.67 17.60 16.29 1.31 3.89
CIE Data for Image 5 Set C






\ E Img 5
1 65.83 69.27 -3.44 -0.11 0.71 -0.82 1.71 1.48 0.23 3.54
2 65.83 69.57 -3.74 -0.11 0.89 -1 1.71 0.84 0.87 3.97
3 65.83 69.22 -3.39 -0.11 1.06 -1.17 1.71 0.29 1.42 3.86
4 65.83 68.99 -3.16 -0.11 1.12 -1.23 1.71 0.31 1.4 3.67
5 65.83 69.17 -3.34 -0.11 0.78 -0.89 1.71 0.41 1.3 3.69
6 65.83 69.14 -3.31 -0.11 1.12 -1.23 1.71 0.56 1.15 3.71
7 65.83 69.13 -3.3 -0.11 0.73 -0.84 1.71 0.07 1.64 3.78
8 65.83 68.68 -2.85 -0.11 0.74 -0.85 1.71 0.5 1.21 3.21
9 65.83 68.7 -2.87 -0.11 0.94 -1.05 1.71 0.05 1.66 3.48
10 65.83 69.11 -3.28 -0.11 0.73 -0.84 1.71 0.38 1.33 3.64
Ave 65.83 69.10 -3.27 -0.11 0.88 -0.99 1.71 0.49 1.22 3.65
CIE Data for Image 6 Set C







1 60.19 62.33 -2.14 17.48 15.1 2.38 7.54 9.8 -2.26 3.92
2 60.19 62.05 -1.86 17.48 15.08 2.4 7.54 9.54 -2 3.64
3 60.19 60.71 -0.52 17.48 15.81 1.67 7.54 9.37 -1.83 2.53
4 60.19 60.51 -0.32 17.48 15.92 1.56 7.54 9.75 -2.21 2.72
5 60.19 60.5 -0.31 17.48 15.84 1.64 7.54 9.7 -2.16 2.73
6 60.19 61.15 -0.96 17.48 15.72 1.76 7.54 9.79 -2.25 3.01
7 60.19 61.58 -1.39 17.48 15.24 2.24 7.54 9.14 -1.6 3.08
8 60.19 61.13 -0.94 17.48 15.64 1.84 7.54 9.08 -1.54 2.58
9 60.19 61.3 -1.11 17.48 15.51 1.97 7.54 9.2 -1.66 2.81
10 60.19 60.6 -0.41 17.48 15.37 2.11 7.54 9.75 -2.21 3.08




CIE Data for Image 7 Set C




,\ E Img 7
1 79.01 79.67 -0.66 -9.57 -7.38 -2.19 -1.09 -0.93 -0.16 2.29
2 79.01 79.51 -0.5 -9.57 -7.38 -2.19 -1.09 -1.29 0.2 2.26
3 79.01 79.42 -0.41 -9.57 -7.61 -1.96 -1.09 -1.35 0.26 2.02
4 79.01 79.28 -0.27 -9.57 -7.5 -2.07 -1.09 -1.3 0.21 2.10
5 79.01 79.46 -0.45 -9.57 -7.45 -2.12 -1.09 -1.56 0.47 2.22
6 79.01 78.84 0.17 -9.57 -6.97 -2.6 -1.09 -1.21 0.12 2.61
7 79.01 79.01 0 -9.57 -7.6 -1.97 -1.09 -1.52 0.43 2.02
8 79.01 79.61 -0.6 -9.57 -7.53 -2.04 -1.09 -1.4 0.31 2.15
9 79.01 79.16 -0.15 -9.57 -7.19 -2.38 -1.09 -1.66 0.57 2.45
10 79.01 79.4 -0.39 -9.57 -7.19 -2.38 -1.09 -1.24 0.15 2.42
Avg 79.01 79.34 -0.33 -9.57 -7.38 -2.19 -1.09 -1.35 0.26 2.25
CIE Data for Image 8 Set C







1 66.44 68.4 -1.96 -9.46 -6.86 -2.6 -20.19 -17.53 -2.66 4.20
2 66.44 68.15 -1.71 -9.46 -7.04 -2.42 -20.19 -17.78 -2.41 3.82
3 66.44 68.42 -1.98 -9.46 -7.109 -2.351 -20.19 -17.59 -2.6 4.03
4 66.44 67.75 -1.31 -9.46 -6.9 -2.56 -20.19 -17.83 -2.36 3.72
5 66.44 68.57 -2.13 -9.46 -7.01 -2.45 -20.19 -17.47 -2.72 4.24
6 66.44 68.73 -2.29 -9.46 -6.74 -2.72 -20.19 -17 -3.19 4.78
7 66.44 68.8 -2.36 -9.46 -7.15 -2.31 -20.19 -17.19 -3 4.46
8 66.44 68.79 -2.35 -9.46 -7.05 -2.41 -20.19 -17.09 -3.1 4.58
9 66.44 68.03 -1.59 -9.46 -6.94 -2.52 -20.19 -17.23 -2.96 4.20
10 66.44 68.86 -2.42 -9.46 -6.72 -2.74 -20.19 -16.58 -3.61 5.14
Ave 66.44 68.45 -2.01 -9.46 -6.95 -2.51 -20.19 -17.33 -2.86 4.32
CIE Data for Image 9 Set C







1 22 23.56 -1.56 -7.99 -11.48 3.49 1.76 5.75 -3.99 5.53
2 22 21.81 0.19 -7.99 -10.14 2.15 1.76 2.49 -0.73 2.28
3 22 20.91 1.09 -7.99 -9.07 1.08 1.76 1.97 -0.21 1.55
4 22 22.52 -0.52 -7.99 -10.48 2.49 1.76 3.48 -1.72 3.07
5 22 22.6 -0.6 -7.99 -1 0.04 2.05 1.76 3.9 -2.14 3.02
6 22 23.62 -1.62 -7.99 -10.52 2.53 1.76 4.58 -2.82 4.12
7 22 22.03 -0.03 -7.99 -9.66 1.67 1.76 1.76 0 1.67
8 22 22.02 -0.02 -7.99 -9.73 1.74 1.76 2.59 -0.83 1.93
9 22 23.34 -1.34 -7.99 -10.74 2.75 1.76 3.8 -2.04 3.68
10 22 22.35 -0.35 -7.99 -9.58 1.59 1.76 2.97 -1.21 2.03











1 59.60 54.00 5.60 -41.60 -41.00 -0.60 -31.50 -37.50 6.00 8.23
2 59.60 54.20 5.40 -41.60 -41.20 -0.40 -31.50 -37.90 6.40 8.38
3 59.60 54.50 5.10 -41 .60 -41.20 -0.40 -31.50 -37.50 6.00 7.88
4 59.60 54.70 4.90 -41.60 -41.00 -0.60 -31.50 -37.40 5.90 7.69
5 59.60 54.60 5.00 -41.60 -40.90 -0.70 -31.50 -37.10 5.60 7.54
6 59.60 54.70 4.90 -41.60 -40.80 -0.80 -31.50 -37.30 5.80 7.63
7 59.60 54.80 4.80 -41.60 -40.70 -0.90 -31.50 -37.30 5.80 7.58
8 59.60 54.40 5.20 -41 .60 -40.80 -0.80 -31.50 -37.60 6.10 8.06
9 59.60 54.60 5.00 -41.60 -40.80 -0.80 -31.50 -37.20 5.70 7.62
10 59.60 54.60 5.00 -41.60 -40.60 -1.00 -31.50 -37.20 5.70 7.65









1 48.30 45.40 2.90 60.50 61.80 -1.30 -1.00 3.80 -4.80 5.76
2 48.30 45.80 2.50 60.50 61.20 -0.70 -1.00 3.10 -4.10 4.85
3 48.30 45.90 2.40 60.50 61.80 -1.30 -1.00 3.50 -4.50 5.26
4 48.30 45.50 2.80 60.50 61.40 -0.90 -1.00 3.40 -4.40 5.29
5 48.30 46.00 2.30 60.50 61.20 -0.70 -1.00 3.00 -4.00 4.67
6 48.30 45.70 2.60 60.50 61.60 -1.10 -1.00 3.40 -4.40 5.23
7 48.30 46.30 2.00 60.50 61.60 -1.10 -1.00 3.70 -4.70 5.22
8 48.30 46.00 2.30 60.50 61.40 -0.90 -1.00 3.50 -4.50 5.13
9 48.30 45.90 2.40 60.50 61.40 -0.90 -1.00 3.60 -4.60 5.27
10 48.30 45.80 2.50 60.50 61.50 -1.00 -1.00 3.40 -4.40 5.16











1 81.80 83.20 -1.40 0.40 -0.70 1.10 80.30 83.40 -3.10 3.57
2 81.80 83.10 -1.30 0.40 -0.70 1.10 80.30 82.80 -2.50 3.02
3 81.80 83.20 -1.40 0.40 -1.00 1.40 80.30 82.70 -2.40 3.11
4 81.80 83.30 -1.50 0.40 -1.00 1.40 80.30 82.30 -2.00 2.87
5 81.80 82.90 -1.10 0.40 -1.10 1.50 80.30 82.80 -2.50 3.12
6 81.80 83.00 -1.20 0.40 -0.70 1.10 80.30 82.70 -2.40 2.90
7 81.80 83.30 -1.50 0.40 -1.10 1.50 80.30 82.40 -2.10 2.98
8 81.80 83.10 -1.30 0.40 -1.10 1.50 80.30 82.10 -1.80 2.68
9 81.80 82.90 -1.10 0.40 -0.90 1.30 80.30 82.30 -2.00 2.63
10 81.80 82.80 -1.00 0.40 -0.80 1.20 80.30 82.40 -2.10 2.62









1 47.60 45.10 2.50 57.20 60.30 -3.10 39.20 44.60 -5.40 6.71
2 47.60 45.40 2.20 57.20 60.70 -3.50 39.20 44.40 -5.20 6.64
3 47.60 44.80 2.80 57.20 60.80 -3.60 39.20 44.60 -5.40 7.07
4 47.60 45.10 2.50 57.20 60.60 -3.40 39.20 44.40 -5.20 6.70
5 47.60 45.60 2.00 57.20 60.60 -3.40 39.20 44.50 -5.30 6.61
6 47.60 45.10 2.50 57.20 60.90 -3.70 39.20 45.00 -5.80 7.32
7 47.60 45.80 1.80 57.20 60.60 -3.40 39.20 44.70 -5.50 6.71
8 47.60 45.30 2.30 57.20 60.80 -3.60 39.20 44.90 -5.70 7.12
9 47.60 45.10 2.50 57.20 60.60 -3.40 39.20 44.60 -5.40 6.85
10 47.60 45.10 2.50 57.20 60.70 -3.50 39.20 44.30 -5.10 6.67











1 52.60 47.70 4.90 -53.70 -57.60 3.90 28.00 27.10 0.90 6.33
2 52.60 47.50 5.10 -53.70 -58.60 4.90 28.00 26.20 1.80 7.30
3 52.60 47.90 4.70 -53.70 -57.80 4.10 28.00 26.40 1.60 6.44
4 52.60 48.00 4.60 -53.70 -58.00 4.30 28.00 26.30 1.70 6.52
5 52.60 48.10 4.50 -53.70 -57.70 4.00 28.00 27.20 0.80 6.07
6 52.60 48.00 4.60 -53.70 -57.80 4.10 28.00 26.90 1.10 6.26
7 52.60 48.20 4.40 -53.70 -58.00 4.30 28.00 26.50 1.50 6.33
8 52.60 47.90 4.70 -53.70 -57.60 3.90 28.00 26.50 1.50 6.29
9 52.60 47.70 4.90 -53.70 -57.40 3.70 28.00 26.60 1.40 6.30
10 52.60 48.20 4.40 -53.70 -57.30 3.60 28.00 26.10 1.90 5.99










1 30.30 20.40 9.90 9.40 15.00 -5.60 -36.00 -35.20 -0.80 11.40
2 30.30 20.40 9.90 9.40 14.80 -5.40 -36.00 -35.80 -0.20 11.28
3 30.30 20.20 10.10 9.40 15.60 -6.20 -36.00 -35.30 -0.70 11.87
4 30.30 20.80 9.50 9.40 15.30 -5.90 -36.00 -35.40 -0.60 11.20
5 30.30 21.00 9.30 9.40 15.30 -5.90 -36.00 -35.10 -0.90 11.05
6 30.30 20.70 9.60 9.40 15.70 -6.30 -36.00 -35.30 -0.70 11.50
7 30.30 20.90 9.40 9.40 15.30 -5.90 -36.00 -35.20 -0.80 11.13
8 30.30 20.90 9.40 9.40 15.30 -5.90 -36.00 -35.10 -0.90 11.13
9 30.30 20.80 9.50 9.40 15.30 -5.90 -36.00 -35.00 -1.00 11.23
10 30.30 20.90 9.40 9.40 15.50 -6.10 -36.00 -35.20 -0.80 11.23




Proof # L'Std L' C AL* a* std a'C Aa* b'std b'C Ab* A E 3/C K
1 26.40 17.00 9.40 -0.40 5.20 -5.60 -2.50 -2.20 -0.30 10.95
2 26.40 16.90 9.50 -0.40 4.30 -4.70 -2.50 -3.50 1.00 10.65
3 26.40 17.30 9.10 -0.40 5.80 -6.20 -2.50 -3.00 0.50 11.02
4 26.40 17.10 9.30 -0.40 5.40 -5.80 -2.50 -3.20 0.70 10.98
5 26.40 17.50 8.90 -0.40 5.30 -5.70 -2.50 -2.50 0.00 10.57
6 26.40 17.20 9.20 -0.40 5.90 -6.30 -2.50 -2.80 0.30 11.15
7 26.40 17.70 8.70 -0.40 5.70 -6.10 -2.50 -2.90 0.40 10.63
8 26.40 17.10 9.30 -0.40 5.40 -5.80 -2.50 -3.40 0.90 11.00
9 26.40 17.20 9.20 -0.40 5.70 -6.10 -2.50 -2.90 0.40 11.05
10 26.40 17.20 9.20 -0.40 6.00 -6.40 -2.50 -3.00 0.50 11.22










A E 4/C K
1 9.70 6.10 3.60 -0.30 -0.20 -0.10 -1.80 -1.10 -0.70 3.67
2 9.70 5.90 3.80 -0.30 -0.30 0.00 -1.80 -1.40 -0.40 3.82
3 9.70 6.30 3.40 -0.30 -0.10 -0.20 -1.80 -1.40 -0.40 3.43
4 9.70 6.20 3.50 -0.30 -0.20 -0.10 -1.80 -1.40 -0.40 3.52
5 9.70 6.40 3.30 -0.30 -0.20 -0.10 -1.80 -1.30 -0.50 3.34
6 9.70 6.40 3.30 -0.30 -0.10 -0.20 -1.80 -1.30 -0.50 3.34
7 9.70 7.10 2.60 -0.30 -0.30 0.00 -1.80 -1.50 -0.30 2.62
8 9.70 6.10 3.60 -0.30 -0.30 0.00 -1.80 -1.60 -0.20 3.61
9 9.70 6.70 3.00 -0.30 -0.20 -0.10 -1.80 -1.30 -0.50 3.04
10 9.70 6.20 3.50 -0.30 -0.10 -0.20 -1.80 -1.30 -0.50 3.54










1 88.10 87.50 0.60 -0.60 -0.30 -0.30 5.30 6.00 -0.70 0.97
2 88.10 87.40 0.70 -0.60 -0.20 -0.40 5.30 5.90 -0.60 1.00
3 88.10 87.50 0.60 -0.60 -0.40 -0.20 5.30 6.00 -0.70 0.94
4 88.10 87.60 0.50 -0.60 -0.30 -0.30 5.30 5.80 -0.50 0.77
5 88.10 88.00 0.10 -0.60 -0.30 -0.30 5.30 5.80 -0.50 0.59
6 88.10 87.30 0.80 -0.60 -0.10 -0.50 5.30 5.80 -0.50 1.07
7 88.10 87.60 0.50 -0.60 -0.40 -0.20 5.30 6.00 -0.70 0.88
8 88.10 87.20 0.90 -0.60 -0.30 -0.30 5.30 5.90 -0.60 1.12
9 88.10 87.10 1.00 -0.60 -0.30 -0.30 5.30 5.90 -0.60 1.20
10 88.10 87.30 0.80 -0.60 -0.30 -0.30 5.30 5.90 -0.60 1.04
Average 88.10 87.45 0.65 -0.60 -0.29 -0.31 5.30 5.90 -0.60 0.96
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Table 29
CIE Tables for Images and Solid Ink Areas of Test Set D
CIE Data for Image 1 Set D






A E Img 1
1 78.19 77.66 0.53 -7.59 -8.03 0.44 26.83 28.77 -1.94 2.06
2 78.19 77.73 0.46 -7.59 -8.16 0.57 26.83 29.28 -2.45 2.56
3 78.19 78.38 -0.19 -7.59 -8.42 0.83 26.83 28.09 -1.26 1.52
4 78.19 79 -0.81 -7.59 -8.51 0.92 26.83 29.46 -2.63 2.90
5 78.19 78.83 -0.64 -7.59 -8.53 0.94 26.83 29.12 -2.29 2.56
6 78.19 77.74 0.45 -7.59 -8.46 0.87 26.83 29.41 -2.58 2.76
7 78.19 80.16 -1.97 -7.59 -8.86 1.27 26.83 30.11 -3.28 4.03
8 78.19 76.59 1.6 -7.59 -8.16 0.57 26.83 29.71 -2.88 3.34
9 78.19 80.37 -2.18 -7.59 -8.42 0.83 26.83 28.44 -1.61 2.83
10 78.19 78.37 -0.18 -7.59 -8.51 0.92 26.83 28.27 -1.44 1.72
Ave 78.19 78.48 -0.29 -7.59 -8.41 0.82 26.83 29.07 -2.24 2.63















A E Img 2
1 83.12 80.77 2.35 -2.86 -2.89 0.03 16.22 18.35 -2.13 3.17
2 83.12 80.35 2.77 -2.86 -3.05 0.19 16.22 18.92 -2.7 3.87
3 83.12 82.78 0.34 -2.86 -2.87 0.01 16.22 16.82 -0.6 0.69
4 83.12 82.25 0.87 -2.86 -3.12 0.26 16.22 17.95 -1.73 1.95
5 83.12 82.11 1.01 -2.86 -2.89 0.03 16.22 17.35 -1.13 1.52
6 83.12 81.54 1.58 -2.86 -3.12 0.26 16.22 18.22 -2 2.56
7 83.12 82.01 1.11 -2.86 -3.17 0.31 16.22 18.93 -2.71 2.94
8 83.12 82.13 0.99 -2.86 -2.94 0.08 16.22 18.15 -1.93 2.17
9 83.12 83.31 -0.19 -2.86 -3.06 0.2 16.22 16.79 -0.57 0.63
10 83.12 83.14 -0.02 -2.86 -3.34 0.48 16.22 17.17 -0.95 1.06
Ave 83.12 82.04 1.08 -2.86 -3.05 0.19 16.22 17.87 -1.65 2.06
CIE Data for Image 3 Set D






A E Img 3
1 72.65 70.66 1.99 0.08 0.99 -0.91 1.73 1.64 0.09 2.19
2 72.65 70.77 1.88 0.08 1.04 -0.96 1.73 1.49 0.24 2.12
3 72.65 70.65 2 0.08 0.6 -0.52 1.73 1.12 0.61 2.15
4 72.65 70.52 2.13 0.08 1.01 -0.93 1.73 1.34 0.39 2.36
5 72.65 70.73 1.92 0.08 0.85 -0.77 1.73 1.5 0.23 2.08
6 72.65 71 1.65 0.08 1.01 -0.93 1.73 1.58 0.15 1.90
7 72.65 71.34 1.31 0.08 0.86 -0.78 1.73 1.73 0 1.52
8 72.65 70.94 1.71 0.08 1.02 -0.94 1.73 1.75 -0.02 1.95
9 72.65 70.52 2.13 0.08 1.1 -1.02 1.73 1.46 0.27 2.38
10 72.65 71.4 1.25 0.08 0.26 -0.18 1.73 1.34 0.39 1.32
Ave 72.65 70.85 1.80 0.08 0.87 -0.79 1.73 1.50 0.24 2.00
137
Table 29 continued
CIE Data for image 4 Set D
Proof * L*Std L*D AL a* Std a'D Aa* b'Std b'D
Ab*
A Elmg
1 57.53 55.16 2.37 16.06 18.63 -2.57 17.6 16.65 0.95 3.62
2 57.53 55.49 2.04 16.06 18.08 -2.02 17.6 16.77 0.83 2.99
3 57.53 55.23 2.3 16.06 17.86 -1.8 17.6 16.01 1.59 3.33
4 57.53 55.26 2.27 16.06 18.81 -2.75 17.6 16.79 0.81 3.66
5 57.53 55.24 2.29 16.06 18.6 -2.54 17.6 16.83 0.77 3.51
6 57.53 55.05 2.48 16.06 18.7 -2.64 17.6 16.7 0.9 3.73
7 57.53 55.3 2.23 16.06 18.87 -2.81 17.6 17.07 0.53 3.63
8 57.53 55.21 2.32 16.06 19.25 -3.19 17.6 16.52 1.08 4.09
9 57.53 55.21 2.32 16.06 18.91 -2.85 17.6 16.19 1.41 3.94
10 57.53 57.27 0.26 16.06 15.33 0.73 17.6 16.48 1.12 1.36
Ave 57.53 55.44 2.09 16.06 18.30 -2.24 17.60 16.60 1.00 3.38
CIE Data for Image 5 Set D









1 65.83 64.16 1.67 -0.11 1.1 -1.21 1.71 0.17 1.54 2.57
2 65.83 64.31 1.52 -0.11 1.08 -1.19 1.71 0.1 1.61 2.51
3 65.83 63.94 1.89 -0.11 0.68 -0.79 1.71 -0.91 2.62 3.33
4 65.83 64.17 1.66 -0.11 1.19 -1.3 1.71 0.02 1.69 2.70
5 65.83 64.08 1.75 -0.11 1.09 -1.2 1.71 -0.34 2.05 2.95
6 65.83 63.67 2.16 -0.11 0.99 -1.1 1.71 -0.08 1.79 3.01
7 65.83 64.5 1.33 -0.11 1.34 -1.45 1.71 -0.25 1.96 2.78
8 65.83 63.26 2.57 -0.11 1.05 -1.16 1.71 0.65 1.06 3.01
9 65.83 63.59 2.24 -0.11 0.96 -1.07 1.71 -0.12 1.83 3.08
10 65.83 65.38 0.45 -0.11 0.13 -0.24 1.71 0.55 1.16 1.27
We 65.83 64.11 1.72 -0.11 0.96 -1.07 1.71 -0.02 1.73 2.72
CIE Data for Image 6 Set D







1 60.19 55.98 4.21 17.48 19.44 -1.96 7.54 9.77 -2.23 5.15
2 60.19 55.88 4.31 17.48 19.54 -2.06 7.54 9.61 -2.07 5.21
3 60.19 56.16 4.03 17.48 18.89 -1.41 7.54 9.08 -1.54 4.54
4 60.19 56.39 3.8 17.48 19.32 -1.84 7.54 9.32 -1.78 4.58
5 60.19 55.86 4.33 17.48 19.67 -2.19 7.54 9.88 -2.34 5.39
6 60.19 56.26 3.93 17.48 19.54 -2.06 7.54 9.16 -1.62 4.72
7 60.19 55.06 5.13 17.48 19.8 -2.32 7.54 10 -2.46 6.14
8 60.19 55.93 4.26 17.48 20.5 -3.02 7.54 9.69 -2.15 5.65
9 60.19 55.87 4.32 17.48 19.59 -2.11 7.54 9.27 -1.73 5.11
10 60.19 57.01 3.18 17.48 17.14 0.34 7.54 9.62 -2.08 3.82
Ave 60.19 56.04 4.15 17.48 19.34 -1.86 7.54 9.54 -2.00 5.03
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Table 29 continued
CIE Data for Image 7 Set D




A E Img 7
1 79.01 76.28 2.73 -9.57 -8.43 -1.14 -1.09 -2.09 1 3.12
2 79.01 76.71 2.3 -9.57 -8.38 -1.19 -1.09 -2.24 1.15 2.83
3 79.01 76.12 2.89 -9.57 -8.52 -1.05 -1.09 -2.18 1.09 3.26
4 79.01 76.69 2.32 -9.57 -8.53 -1.04 -1.09 -1.87 0.78 2.66
5 79.01 76.51 2.5 -9.57 -8.75 -0.82 -1.09 -2 0.91 2.78
6 79.01 76.76 2.25 -9.57 -8.45 -1.12 -1.09 -1.72 0.63 2.59
7 79.01 76.55 2.46 -9.57 -8.4 -1.17 -1.09 -2.35 1.26 3.00
8 79.01 76.53 2.48 -9.57 -8.77 -0.8 -1.09 -1.4 0.31 2.62
9 79.01 76.64 2.37 -9.57 -8.58 -0.99 -1.09 -2.16 1.07 2.78
10 79.01 76.42 2.59 -9.57 -8.64 -0.93 -1.09 -1.98 0.89 2.89
Ave 79.01 76.52 2.49 -9.57 -8.55 -1.03 -1.09 -2.00 0.91 2.86















A E Img 8
1 66.44 63.77 2.67 -9.46 -7.56 -1.9 -20.19 -21.15 0.96 3.41
2 66.44 63.98 2.46 -9.46 -7.6 -1.86 -20.19 -21.59 1.4 3.39
3 66.44 64.03 2.41 -9.46 -8.24 -1.22 -20.19 -21.69 1.5 3.09
4 66.44 64.5 1.94 -9.46 -7.66 -1.8 -20.19 -20.87 0.68 2.73
5 66.44 63.58 2.86 -9.46 -7.76 -1.7 -20.19 -21.83 1.64 3.71
6 66.44 63.86 2.58 -9.46 -7.77 -1.69 -20.19 -21.67 1.48 3.42
7 66.44 63.88 2.56 -9.46 -7.65 -1.81 -20.19 -21.81 1.62 3.53
8 66.44 64.41 2.03 -9.46 -7.8 -1.66 -20.19 -20.91 0.72 2.72
9 66.44 63.71 2.73 -9.46 -7.9 -1.56 -20.19 -21.37 1.18 3.36
10 66.44 65.39 1.05 -9.46 -8.13 -1.33 -20.19 -20.17 -0.02 1.69
Ave 66.44 64.11 2.33 -9.46 -7.81 -1.65 -20.19 -21.31 1.12 3.11















A E Img 9
1 22 17.19 4.81 -7.99 -7.76 -0.23 1.76 2.44 -0.68 4.86
2 22 18.01 3.99 -7.99 -8.83 0.84 1.76 3.91 -2.15 4.61
3 22 17.98 4.02 -7.99 -9.23 1.24 1.76 2.37 -0.61 4.25
4 22 17.64 4.36 -7.99 -8.31 0.32 1.76 3 -1.24 4.54
5 22 16.75 5.25 -7.99 -7.84 -0.15 1.76 2.03 -0.27 5.26
6 22 16.85 5.15 -7.99 -7.6 -0.39 1.76 1.88 -0.12 5.17
7 22 16.34 5.66 -7.99 -8.1 0.11 1.76 2.2 -0.44 5.68
8 22 17.57 4.43 -7.99 -8.49 0.5 1.76 2.94 -1.18 4.61
9 22 16.94 5.06 -7.99 -7.85 -0.14 1.76 1.5 0.26 5.07
10 22 19.15 2.85 -7.99 -9.17 1.18 1.76 3.23 -1.47 3.42









1 59.60 56.50 3.10 -39.40 -40.60 1.20 -31.50 -35.00 3.50 4.83
2 59.60 55.70 3.90 -39.80 -40.80 1.00 -31.50 -36.00 4.50 6.04
3 59.60 56.00 3.60 -39.80 -40.80 1.00 -31.50 -36.20 4.70 6.00
4 59.60 56.40 3.20 -40.10 -40.80 0.70 -31.50 -36.00 4.50 5.57
5 59.60 55.90 3.70 -40.00 -40.80 0.80 -31.50 -36.20 4.70 6.03
6 59.60 56.00 3.60 -40.00 -40.70 0.70 -31 .50 -36.30 4.80 6.04
7 59.60 55.90 3.70 -40.00 -40.50 0.50 -31.50 -36.40 4.90 6.16
8 59.60 56.10 3.50 -40.20 -40.60 0.40 -31.50 -36.30 4.80 5.95
9 59.60 56.20 3.40 -40.40 -40.50 0.10 -31.50 -36.60 5.10 6.13
10 59.60 55.70 3.90 -40.10 -39.90 -0.20 -31.50 -36.00 4.50 5.96











1 48.30 47.50 0.80 60.50 59.00 1.50 -1.00 0.70 -1.70 2.40
2 48.30 46.00 2.30 60.50 60.90 -0.40 -1.00 2.50 -3.50 4.21
3 48.30 46.00 2.30 60.50 61.10 -0.60 -1.00 2.30 -3.30 4.07
4 48.30 46.20 2.10 60.50 61.00 -0.50 -1.00 2.80 -3.80 4.37
5 48.30 46.10 2.20 60.50 61.20 -0.70 -1.00 2.50 -3.50 4.19
6 48.30 45.90 2.40 60.50 61.30 -0.80 -1.00 2.80 -3.80 4.57
7 48.30 46.10 2.20 60.50 61.30 -0.80 -1.00 2.70 -3.70 4.38
8 48.30 46.10 2.20 60.50 61.30 -0.80 -1.00 3.10 -4.10 4.72
9 48.30 46.30 2.00 60.50 61.10 -0.60 -1.00 2.80 -3.80 4.34
10 48.30 45.80 2.50 60.50 60.90 -0.40 -1.00 2.40 -3.40 4.24











1 81.80 83.00 -1.20 0.40 -1.10 1.50 80.30 81.40 -1.10 2.21
2 81.80 82.70 -0.90 0.40 -0.50 0.90 80.30 83.90 -3.60 3.82
3 81.80 83.20 -1.40 0.40 -0.80 1.20 80.30 83.20 -2.90 3.44
4 81.80 83.30 -1.50 0.40 -0.90 1.30 80.30 83.10 -2.80 3.43
5 81.80 82.80 -1.00 0.40 -0.60 1.00 80.30 82.80 -2.50 2.87
6 81.80 83.10 -1.30 0.40 -0.80 1.20 80.30 82.90 -2.60 3.14
7 81.80 83.10 -1.30 0.40 -0.70 1.10 80.30 83.30 -3.00 3.45
8 81.80 83.90 -2.10 0.40 -0.80 1.20 80.30 83.70 -3.40 4.17
9 81.80 83.90 -2.10 0.40 -0.70 1.10 80.30 83.50 -3.20 3.98
10 81.80 83.00 -1.20 0.40 -0.70 1.10 80.30 82.60 -2.30 2.82











1 47.60 47.00 0.60 57.20 57.80 -0.60 39.20 42.10 -2.90 3.02
2 47.60 45.40 2.20 57.20 59.80 -2.60 39.20 43.70 -4.50 5.64
3 47.60 45.60 2.00 57.20 60.20 -3.00 39.20 43.50 -4.30 5.61
4 47.60 45.60 2.00 57.20 60.20 -3.00 39.20 44.20 -5.00 6.16
5 47.60 45.50 2.10 57.20 60.10 -2.90 39.20 43.70 -4.50 5.75
6 47.60 45.30 2.30 57.20 60.30 -3.10 39.20 43.90 -4.70 6.08
7 47.60 45.50 2.10 57.20 60.30 -3.10 39.20 44.00 -4.80 6.09
8 47.60 45.70 1.90 57.20 60.10 -2.90 39.20 43.80 -4.60 5.76
9 47.60 45.50 2.10 57.20 60.10 -2.90 39.20 43.50 -4.30 5.60
10 47.60 45.40 2.20 57.20 59.60 -2.40 39.20 42.30 -3.10 4.50











1 52.60 50.40 2.20 -53.70 -54.70 1.00 28.00 27.10 0.90 2.58
2 52.60 49.40 3.20 -53.70 -55.30 1.60 28.00 28.60 -0.60 3.63
3 52.60 49.50 3.10 -53.70 -56.00 2.30 28.00 27.60 0.40 3.88
4 52.60 49.90 2.70 -53.70 -55.40 1.70 28.00 27.40 0.60 3.25
5 52.60 49.50 3.10 -53.70 -55.80 2.10 28.00 27.60 0.40 3.77
6 52.60 49.80 2.80 -53.70 -55.50 1.80 28.00 27.70 0.30 3.34
7 52.60 49.50 3.10 -53.70 -56.20 2.50 28.00 27.90 0.10 3.98
8 52.60 49.60 3.00 -53.70 -55.80 2.10 28.00 27.50 0.50 3.70
9 52.60 49.50 3.10 -53.70 -55.80 2.10 28.00 27.00 1.00 3.88
10 52.60 49.40 3.20 -53.70 -55.80 2.10 28.00 26.80 1.20 4.01











1 30.30 25.90 4.40 9.40 12.00 -2.60 -36.00 -35.90 -0.10 5.11
2 30.30 23.70 6.60 9.40 14.10 -4.70 -36.00 -35.70 -0.30 8.11
3 30.30 23.70 6.60 9.40 14.30 -4.90 -36.00 -36.00 0.00 8.22
4 30.30 23.90 6.40 9.40 14.00 -4.60 -36.00 -35.80 -0.20 7.88
5 30.30 23.30 7.00 9.40 14.20 -4.80 -36.00 -35.90 -0.10 8.49
6 30.30 23.60 6.70 9.40 14.50 -5.10 -36.00 -35.60 -0.40 8.43
7 30.30 23.30 7.00 9.40 14.20 -4.80 -36.00 -36.00 0.00 8.49
8 30.30 23.60 6.70 9.40 14.00 -4.60 -36.00 -35.70 -0.30 8.13
9 30.30 23.80 6.50 9.40 13.80 -4.40 -36.00 -35.90 -0.10 7.85
10 30.30 23.70 6.60 9.40 13.30 -3.90 -36.00 -36.00 0.00 7.67











1 26.40 22.40 4.00 -0.40 2.00 -2.40 -2.50 1.30 -1.20 4.82
2 26.40 20.40 6.00 -0.40 4.00 -4.40 -2.50 -0.70 -1.80 7.66
3 26.40 20.30 6.10 -0.40 4.20 -4.60 -2.50 -1.70 -0.80 7.68
4 26.40 20.40 6.00 -0.40 4.10 -4.50 -2.50 -1.10 -1.40 7.63
5 26.40 20.10 6.30 -0.40 4.20 -4.60 -2.50 -1.50 -1.00 7.86
6 26.40 20.60 5.80 -0.40 4.90 -5.30 -2.50 -1.60 -0.90 7.91
7 26.40 19.80 6.60 -0.40 4.30 -4.70 -2.50 -1.50 -1.00 8.16
8 26.40 20.20 6.20 -0.40 4.00 -4.40 -2.50 -1.50 -1.00 7.67
9 26.40 20.10 6.30 -0.40 3.90 -4.30 -2.50 -2.00 -0.50 7.64
10 26.40 20.20 6.20 -0.40 3.50 -3.90 -2.50 -2.30 -0.20 7.33









1 9.70 7.80 1.90 -0.30 -0.10 -0.20 -1.80 -0.70 -1.10 2.20
2 9.70 7.10 2.60 -0.30 0.50 -0.80 -1.80 -0.60 -1.20 2.97
3 9.70 6.70 3.00 -0.30 0.40 -0.70 -1.80 -0.90 -0.90 3.21
4 9.70 7.00 2.70 -0.30 0.30 -0.60 -1.80 -0.70 -1.10 2.98
5 9.70 6.70 3.00 -0.30 0.30 -0.60 -1.80 -1.00 -0.80 3.16
6 9.70 7.20 2.50 -0.30 0.50 -0.80 -1.80 -0.90 -0.90 2.77
7 9.70 6.60 3.10 -0.30 0.20 -0.50 -1.80 -0.90 -0.90 3.27
8 9.70 7.00 2.70 -0.30 0.20 -0.50 -1.80 -0.80 -1.00 2.92
9 9.70 6.60 3.10 -0.30 0.20 -0.50 -1.80 -0.90 -0.90 3.27
10 9.70 6.90 2.80 -0.30 0.30 -0.60 -1.80 -1.00 -0.80 2.97
Average 9.70 6.96 2.74 -0.30 0.28 -0.58 -1.80 -0.84 -0.96 2.97
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Gravure Association ofAmerica
Specifications for Halftone Gravure
The following are the GAA/SWOP Standards for advertis
ing production in magazines and other applicable
publications where supplied film input materials are the
basis of printed reproduction. Until 1988, the GAA had
separate specifications for coated and uncoated stocks.
On February 1, 1988 the specifications for Group VI
(coated stocks) and Group I (uncoated stocks) were
combined. This change was made possible after the
Group I gravure printers switched to cleaner hues for
their blue and red inks.
The following are the GAA Halftone Publication Input
Standards for advertising production in magazines and
other applicable publications where supplied film input
materials are the basis of printed reproduction. The
degree to which the final gravure print matches the
brightness, print smoothness and gloss of the color
guide will be determined by the printing stock of the
publication.
1. Colors: Gravure Standard Colors are to match the
SWOP Colors hereafter referred to as GAA/SWOP. The
standard reference for these colors is the SWOP Stan
dard on deposit at GATF.
2. Press Proofs: The Color Guide for GAA/SWOP shall
be an offset press proof made to GAA/SWOP Standards.
3. Screen Rulings: GAA/SWOP Standards are 133-line
minimum. Materials provided which are coarser than
133-line are to be handled in accordance with agreement
among the involved advertising agency, the publisher
and the publisher's printer.
4. Screen Angles: Material can be provided at any
angles as long as moir6 patterns are avoided. It has
been shown with halftone input experience, however, that




5. Film Specifications: GAA/SWOP Standards are
positive right reading, emulsion down thickness
film. Supplied type is to meet the specifications of the
publisher. Scales, target patterns and other control
devices included with the film are to be those provided
for by GAA/SWOP Standards.
6. Guaranteed Printing Tone: The smallest dot that can
produce a controlled printing density is 5%. Dots of less
than 5% represent the fade-off area and cannot be
reproduced consistently. Therefore, the fade-off is an
unpredictable gradient of tone from 4% down to paper
white that cannot be guaranteed.
Single-colored picture elements expected to hold a
visually distinguishable edge from the paper to be
printed on must be a minimum of 5%.
Multi-colored picture elements expected to hold a visually
distinguishable edge must have a minimum of 3% in the
weakest component color. If the multi-colored tone is
smooth, the 3/o minimum cannot be an average of dots
that are both larger and smaller. In this case, the smallest
dot along the edge, in the weakest color, must be a
minimum of 3%.
7. Proofing Stock: 60 lb. Champion Textweb or
equivalent.
8. Off-Press Proofs: While an off-press proof made to
the manufacturers GAA/SWOP Procedures may be pro
vided, its acceptance is a matter among the involved
advertising agency, the publisher and the
printer.
9. Inspection Procedures: Furnished GAA/SWOP input
material must be inspected in accordance with Standard
GAA/SWOP Material Inspection Procedures.
10. GCR/UCA: While the GAA Standards Committee is
aggressively pursuing guidelines and standards
for
GCR/UCA relationships, there are no approved stan
dards at this time. Therefore, until standards for
GCR/UCA have been established, the acceptance of
GCR/UCA is a matter to be determined by the advertiser,
publisher, separator and printer involved.
These standards became effective as of February 1,
1988, and were fully implemented on April 1, 1988.
